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ABSTRACT 


The objectives of this study were (1) the identification of geologically 
significant coal resources for the United States, including Alaska and (2) the 
preparation of statistically controlled tonnage estiaates for each resource 
type. Particular eaphasis was placed on the identification and description of 
coals in terns of seam thickness, inclination, depth of cover, discontinuities 
caused by faulting and igneous intrusion, and occurrence as isolated or 
nultisean deposits — attributes tihich are germane to resource types selected 
for federally sponsored research on advanced mining systems. 

The national resource was organised into six major coal provinces: the 

Appalachian Plateau, the the Interior Basins, the Gulf Coastal Plain, the 
Rocky Mountain Basins, the High Plains, and North Alaska. Each basin within a 
province was blocked into subareas of hoetogeneous coal thickness. Total coal 
tonnage for a subarea was estimated from an analysis of the cusnilative coal 
thickness derived from borehole or surface section records and subsequently 
categorised in terms of seam thickness, dip, overburden, multiseam 
proportions, coal quality, and tonnage impacted by severe faulting and igneous 
intrusions. Confidence intervals were calculated for both subarea and basin 
tonnage estimates. 

Results indicate an aggregate resource in place of 11.6 trillion tons, of 
which North Alaska accounts for 3.5 trillion tons of subbituminous and 
bituminous coal; the Rocky Mountains, 2.2 trillion tons of bituminous and 
subbituminous deposits; and the Gulf Coast, 3.8 trillion tons of lignites. 

The Appalachian Plateau and Interior Basins are estimated to contain slightly 
less than 1 trillion tons each of bituminous coal, and the High Plains, 
slightly more than 0.5 trillion tons of lignite. The Appalachian Plateau and 
Interior Basins are estimated to contain slightly less than 1 trillion tons 
each, and the High Plains Province is estimated to contain a bit more than 0.5 
trillion tons. About 562 of the aggregate resource lies below 2000 ft, and 
approximately 801 occurs in seams 15 ft - 28 in. thick. Coals which are 
steeply dipping, faulted, or intruded account for 124 million tons, or about 
IZ of the aggregate resource, with much of this coal lying below 2000 ft. 

About 315 billion tons of coal occur in beds over 15 ft thick and lying under 
less than 2000 ft of cover, with 82Z of the total contained in seams of 15 - 
50 ft. Of the coals lying under less than 2000 ft of cover, about 56Z (2.8 
trillion tons) occurs in deposits 15 ft - 42 in. thick, 18Z (0.9 trillion 
tons) in seams of 42 - 28 in., and 19Z (1 trillion tons) in beds of 28 - 14 
in. Multiple seams, in %diich the removal of one seam may adversely impact 
subsequent recovery of adjacent coals, account for about 66Z of the flat-lying 
coals above 2000 ft and 15 ft - 28 in. thick. 

The implications of these results for research on advanced mining systems 
are discussed at length in the text. 


FOREWORD 


This report describing geologically significant United States coal 
resources is one of a series of docuaents produced by a program to define » 
develop, and deisonstrate advanced underground mining systems for the resources 
remaining beyond the year 2000. Earlier reports sstablished system 
performance goals and conceptual design requirements. The program is funded 
by the Division of Coal Mining, the United States Department of Energy via an 
interagency agreement with the National Aeronautics and Space Administration 
(DOE Contract No. DE-AI01-76ET 12548; NASA Task Order RD 152, Amendment 90). 
William B. Schmidt was the project officer for the Department of Energy. 

The geological analysis contained in this report documents the results of 
a study conducted for the Jet Propulsion Laboratory by the University of 
Kentucky Research Foundation, Lexington. Prof. John C. Perm of the Geology 
Department, the University of Kentucky, was the principal investigator. A 
companion report by Hoag, et al. (1982) assesses the connercial significance 
of the various resource types and recoimends targets appropriate for research 
and development of advanced mining systems. 
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SECTION 1 


INTRODUCTION 


As the needs for energy in the United States grow and currently utilized 
resources diminish or increase in cost, coal appears to be a practical 
alternative energy source. During the first part of this century, coal was 
the primary source of energy in the U.S., but it was replaced by petroleum 
because the latter is readily extractable, easy to transport, and relatively 
clean to use. In addition, neither exploration nor extraction was capital 
intensive. Despite this attractiveness, the current problems of diminished or 
uncertain supply and increasingly high costs of petroleum focus attention on 
coal as a reasonable alternative or supplement. 

The problems that led to the replacement of coal by petroleum, however, 
still remain. Extraction is difficult and, in some cases, very hazardous. 
Transportation as a solid material remains troublesome, and utilization 
presents serious environmental problems in some areas. It is probable that 
some of these difficulties could have been overcome or reduced in the past, 
but as petroleum supplanted coal, R&D budgets of a stagnating industry did not 
provide the necessary capital for technological upgrading. Hence, if coal is 
to be regarded as an energy alternative, substantial application of high 
technology will be required. 

This report is directed toward the application of modern technology to 
the problems of extraction. Most of the basic problems of coal extraction 
have not changed substantially since the middle of the 19th century. Seams of 
coal commonly range in thickness from about 2 - 10 ft and are inclined from 
1 - 90*^ from t .e horizontal. Some occur near the surface, whereas others 
are deeply buried. Some part of the thicker, better quality, near-surface 
coals have been mined or lost in mining, but the basic character of the 
contraints imposed by thickness, dip, and overburden remain. 

Therefore, the first step toward development of advanced mining 
techniques requires assessment of coal resources from the point of view 
of those factors which are constraints in the extraction process. Many 
estimates of this kind have been made in the past, but for a number of 
reasons none is adequate for this purpose. Previous studies which examine 
the national resources in a comprehensive fashion were primarily concerned 
with "conventional coals" — flat-lying seams of moderate thickness, under 
moderate cover (e.g. Averitt, 1975). Individual studies have been made of 
particular resource types (Skelly and Loy, 1980, for steeply dipping coals; 
Bise, 1978, for thick seams; Engineers International, 1980, for multiple 
seams; Pimental et al. 1979, for thin coals). However, proceeding from 
different premises, these studies used quite different methods, some of which 
are difficult to assess from the information available in published reports. 
Moreover, the data utilized in previous resource studies are uneven in 
quality, some estimates being based primarily on outcrop measurements, other 
estimates using logs and cores extensively. Finally, the degree of precision 
of previous studies is practically impossible to ascertain, there being little 
or no meaningful attempt to quantify the accuracy of measurement. 


In consequence, the objective of the present study is to prepare a coal 
resource estimate for the United States (including Alaska), using a uniform 
description of thickness, overburden, structure, quality, and other factors 
that affect mining — with particular emphasis on thin coals, thick coals, 
multiple seams, deep seanu, and steeply inclined deposits. These data will be 
used to indicate general geographic areas and seam characteristics that would 
benefit most from the application of advanced technology to energy utiliza~ 
tion, in general, and to extraction technology, in particular. 

The study was undertaken in two phases. The objective of Phase 1 was to 
divide the coal-bearing areas of the United States into provinces which have 
common geologic and geographic characteristics, and to determine which of 
these provinces have the greatest coal resource potential. The objective of 
Phase 11 was to produce tonnage estimates for each of these selected provinces 
in a manner that identifies combinations of seam attributes which constitute 
prime targets for the development of advanced mining systems. 
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SECTION 2 


GENERAL DESCRIPTION OF U.S. COAL PROVINCES AND 
PRELIMINARY RESOURCE ESTIMATES 


2.1 OBJECTIVES AND APPROACH 

The objectives of Phase I were (1) definition of coal-bearing provinces 
of the United States and (2) preparation of preliminary estimates for each 
province with the view of selecting those provinces most suitable for study in 
Phase II. The location of coal -bearing areas of the United States has long 
been known, and many have been the subject of detailed geologic investi- 
gations. In this study, the geology and coal characteristics of each of these 
areas were reviewed, and the areas were grouped into provinces based on 
similarity of geologic age and lithologic arrangement of the coal-bearing 
strata, structural attitude of coal-bearing rocks, and general coal character- 
istics. Each of these provinces was then examined from the view of the 
potential available tonnage. Preliminary tonnage estimates were based on two 
sources of data: (1) prior estimates (usually by state), adjusted to the coal 

provinces defined in this report; and (2) independent estimates derived from 
reported coal seam thicknesses and the areal distribution of seams reported 
for each province. The estimates derived from these two data sources were 
compared, and the provinces were then ranked on the basis of the probable 
total tonnage in place. This ranking was used to select the provinces to be 
studied in Phase II. 


2.2 DESCRIPTION OF U.S. COAL PROVINCES 

From east to west, the major coal provinces of the United States are 
(1) the Atlantic Block Fault Province, (2) the Carboniferous Fold Basins, (3) 
the Appalachian Plateau Province, (4) the Carboniferous Interior Basin 
Province, (5) the Gulf Coast Lignite Province, (6) the High Plains Lignite 
Province, (7) the Rocky Mountain Province, including Alaska north of the 
Brooks Range, and (8) the Pacific Block Fault Province, including Alaska south 
of the Brooks Range (see Figure 1). Characteristics of each of these 
provinces are described belcw. 


2.2.1 Atlantic Block Fault Province 

East of the Appalachian Mountains is a broad area of highly deformed 
rocks which include do%mfaulted blocks of sedimentary rocks of Triassic and 
Jurassic Age. In the eastern part of this area, these older deformed rocks 
and the block faulted barins are buried beneath younger sediments of the 
Atlantic Coastal Plain. West of the Coastal Plain and in New England these 
block fault basins are at the surface, and some contain mineable coal (see 
Figure 1). Several of the seams in Virginia and North Carolina were mined in 
the 19th century, but these operations (which were made difficult by steep 
inclination of the beds, igneous intrusions, and poor coal quality) were 
abandoned with the opening of the mines in the nearby Appalachian Mountain 
Region. 
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Figure 1. Location of U.S. Coal Provinces and Coal Basins Within Provinces 
(Also shov«m are locations of vertical cross sections referred to 
elsewhere in the text. Map is adapted from the 1980 Keystone Coal 
Industry Manual.) 




2.2.2 Carbon if eroui Fold Basin Province 

One of the primary reaaona for the abandonment of mining in the 
Atlantic Block Fault Province vaa the opening of anthracite mines in eastern 
Penniylvania. In this area, coal'-bearing rocks of Carboniferous Age occur as 
a series of linear, canoe-*shaped basins with steeply dipping coal seems on 
their flanks. Smaller basins of similar type are found in Rhode Island and 
Massachusetts, southwestern Virginia, central Alabama, west central Arkansas, 
and adjoining portions of Oklahoma (see Figure 1). In all of theae areas, the 
coal seams occur on the steeply dipping flanks of synclinal basins and, in 
some cases, are displaced by faults. 

The rank of these coals varies considerably. In New England, suiny of 
the coals are meta-anthracite and graphite; in Pennsylvania, the rank is 
mainly anthracite with some semi-anthracite; in southwestern Virginia, the 
coal is semi-anthracite and low-volatile bituminous; in Alabama, the rank is 
high-volatile bituminous; in Arkansas and Oklahoma, the coal ranges from low- 
to high-volatile bituminous. 

In each of these localities, the peak of mining activity occurred in 
the late 19th and early 20th centuries; however, high mining costs associated 
with steeply dipping seams, lack of markets for high rank coals, and dimin- 
ished reserves of coal led to decreased activity in these areas. Much of the 
current production is derived from surface mining, which has few of the 
problems of working underground. 


2.2.3 Carboniferous Basins of the Appalachian Plateau Province 

Coal basins of the Appalachian Plateau Province extend from western 
Pennsylvania on the north to northern Alabama on the south (see Figure l). 

All coals are of Carboniferous Age. Throughout most of the area, the coal 
seams dip very gently, but in some places along the eastern margin of the 
province, dips exceed 15^. Faulting is minor compared to the adjacent fold 
basins, and igneous intrusion is very rare. Most of the coal is high- to 
medium- volatile bituminous, but in southern West Virginia and parts of western 
Pennsylvania and Maryland, some of the coal is low-volatile bituminous. 

Except in eastern Ohio and a portion of western Pennsylvania, the sulfur 
content is moderate to low, being higher than most Gulf C'>ast and Rocky 
Mountain coals, but lower than those of the Interior Province. Relatively 
little of the Appalachian coal is deeply buried. 

Although the Appalachian Plateau contains coal throughout its length 
from Pennsylvania to Alabama, it can readily be divided into four basins on 
the basis of geographic position and the character of the coal-bearing 
strata. The northernmost of these areas is the Dunkard Basin, which includes 
the youngest coal-bearing strata in the Appalachian Plateau. The Dunkard 
Basin, which slightly overlaps the Pocahontas Basin lying directly to the 
southwest, contains the youngest and most important coal-bearing rocks in the 
province. The coal-bearing rocks of the Pocahontas Basin are older than those 
of the Dunkard Basin. Directly adjoining the Pocahontas Basin on the 
southwest are the Cumberland Plateau Fields, which extend as a series of 
narrow northeast trending belts in southeast Tennessee and northeast Alabama. 
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Southvreitward, the Cuaberland Plateau aergea into the Warrior Baain, the 
exposed portion of which ia located in north central AlabaBa. Buried portions 
of this basin extend north«festward into Mississippi. 

Intensive coal aining oegan in the late 19th century in the Appalachian 
Plateau, and the area continues to be one of the aajor coal producing 
provinces of the United States. Both surface and underground aining are 
extensively practiced. 


2.2.4 Carboniferous Interior Basin Province 

West of a broad arch of older rocks, which fora the western flank ot 
the Appalachian Plateau, are a aeries of coal basins which extend from 
Michigan on the north, through southwest Indiana, western Kentucky, Illinois, 
Iowa, Missouri, and into eastern Kansas, eastern Oklahoaa and north central 
Texas (see Figure 1). All of the coals in these basins are Carboniferous in 
age and are characterized by gentle dips, low- to high-volatile bitusiinous 
rank, and relatively high sulfur content. Displaceaent faulting occurs in a 
few areas, but generally these faults are not so closely spaced to affect 
large mineable blocks of coal. Igneous intrusions in this province are very 
rare. One of the unique features of the northern portion of the Interior 
Province is the mantle of glacial deposits which extends across Michigan 
southward to southeastern Illinois and central Kansas. In sooM areas, this 
material is on the order of 200 ft thick. 

The northernmost of the Interior coal fields is the Michigan Basin, 
which occupies the central portion of that state. Mining activity there has 
been very modest because most of the seams are thin and erratically 
distributed in comparison with those in the Appalachian region to the 
southeast, and the Eastern Interior Basin lying to the southwest. 

The Eastern Interior Basin — located in Illinois, southwestern 
Indians, and western Kentucky — is one of the most important coal producing 
areas of the United States. Dips are very gentle inward toward the center of 
the basin, and except for the southern part, displacement faulting is absent. 
Surface mining has been intense, but there are large underground mines as i'ell. 

West of the Eastern Interior Basin, across the gentle arch of the Ozark 
Dome is the Western Interior Basin «rhich extends from Iowa on the north to 
Texas on the south, with a slight gap in south central Oklahoma. Throughout 
this region, coal-bearing strata dip gently westward, where they are covered 
by younger strata. In general, the seams are thinner in the Western Interior 
Basin than they are further to the east, and this diminution of coal thickness 
continues westward in the deep subsurface. Very modest topographic relief has 
favored extensive surface mining in this region. 


2.2.5 Gulf Coastal Plain Lignite Province 

Lying to the south of and overlapping the Western Interior Basin and 
southern portions of the Carboniferous Fold Basins are Cretaceous and Tertiary 
Age sediments which comprise the Gulf Coastal Plain. The portion of these 
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sedimencs which is of Eocene Age occupies s wide '>elc extending from Che 
Mexican Border to the Florida panhandle, and is known to contain substantial 
lignite deposits in Texas, Louisiana, Arkansas, Mississippi, and Alabama (see 
Figure 1). Lxttle detailed information is available concerning these deposits 
because most energy development efforts in this region have concentrated on 
petroleum and natural gas. However, it can be assumed that the seams dip 
gently towards the Gulf, and that igneous intrusions would be of little 
importance in mining. This region is kno%m to be crossed by normal faults, 
but the spacing between them is probably large and would not seriously disrupt 
seam continuity. Available data suggest that the heating value ranges from 
4,000 ~ 7,500 Btu/lb, with some reports as high as 9,000. There has been 
virtually no mining in this province. 


2.2.6 High Plains Lignite Province 

Widely separated from the Culf Coastal Plain, but having coals of 
similar rank and age, are the lignite fields of Che Lakotas and Montana (see 
Figure 1). These lignite seams, which are of Tertiary (Paleocene) Age, occur 
in nearly flat-lying strata under relatively shallow cover. However, the low 
heating value of the material relative to nearby Rocky Mountain coals has, 
until recently, hindered their development. Mining in this province has been 
conducted almost entirely by surface methods. 


2.2.7 Rocky Mountain Province 

Lying to the west and south of the High Plains Lignite Province, and 
east of a line which extends southward from western Montana, through eastern 
Idaho and central Utah, then eastward through central New Mexico and Arizona, 
are the coal basins of the Rocky Mountain Province (see Figure 1). The seams 
in this area are late Cretaceous and early Tertiary Age and comprise the major 
coal fields of Arizona, New Mexico, Colorado, Utah, Wyomin.^, and Montana. 
Geologically equivalent basins are found in Alaska north of the Brooks Range. 

Structurally, the Rorky Mountain area consists of belts of uplifted 
older rocks separating broad bitsins which contain the coal-bearing strata. In 
most of the latter areas, the dips are generally less than 25*^, but there are 
major exceptions on the margins of some basins, some of which are flanked by 
high-angle faults. In many basins, the major coal seams outcrop along the 
basin margins and dip beneath great thicknesses of younger, noncoal-bearing 
strata. Hence, in some areas, the coals are deeply buried. Coal seams in 
several basins are displaced by faulting, and some are intruded by igneous 
rocks . 


Overall, the coal varies from high-volatile bituminous to 
subbituminous, but in general, many of the coals in the western part of the 
area are higher rank than those in the east. Sulfur is relatively low, 
generally IT or less, and most of the coal is utilized in steam plants. 
Mining in the Rocky Mountain Basins began in the early part jf the 20th 
century, mainly by underground methods. More recently, surface mining has 
been introduced and presently accounts for substantial production. 
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2.2.8 Pacific Block Fault Province 


Bounded by the weai'ern and southern margins of the Rocky Mountain 
Province, the Pacific Coast, and the Mexican border, are a number of small 
isolated, block fault basins which are structurally similar to those of the 
Atlantic Block Fault Province but are of Tertiary Age. Similar basins occur 
south of the Brooks Range in Alaska. Moat of the basins of the Pacific 
^ vince are small, but uuoie in Washington and in southern Alaska are 
relatively large. Some coal has been mined in these basins primarily because 
of proximity to potential users; however, small total reserves, structural 
complexities, low heating value, and high ash have limited major development. 


2.3 PRELIMINARY RESOURCE ESTIMATES AND SELECTION OF PROVINCES FOR MORE 

DETAILED PHASE II STUDY 

Preliminary resource estimates for the eight coal provinces described 
above are given .. Table 1, which compares remaining tonnages given by the 
1980 Keystone Coal Industry Manu^'l with the estimates prepared in Phase I of 
this study. These tonnages are also expressed as a percentage of the total 
estimated national resource. Examination of this table shows some divergence 
between the Keystone estimates and the preliminary estimates prepared for this 
study. However, the diverse character of the data and methods of estimation 
can easily account for many of the observed differences. Whichever data set 
is used, Table 1 indicates that slightly less than half of the total U.S. 
resources are found in the bituminous and subbituminous fields of the Rocky 
Mountain Province, and that the geologically com',^arable north slope area of 
Alaska may conr-*in about 16T of the total tonnage. Ranking second in impor- 
tance are the 'i&gnit<?s of the High Plains and Gulf Coast provinces. In the 
latter case, there is a substantial divergence between the Krystcne and Phase 
I estimates because the Keystone estimates were prepared before the lignites 
of the Gulf Coast were considered to have any commercial potential, and 
no comprehensive reserve estimatts were made.* Third in rank are the 
bituminous fields of the Appalachian Plateau and the Interior Province, each 
containing about lOX of the U.S. total. The remainder of the resources are in 
the carboniferous fold basins and the block fault basins of the Pacific and 
Atlantic provinces and southern Alaska. Collectively, they comprise about 4% 
of the total tonnage. 

Provinces selected for the Phase II study were conl-bearing areas north 
of the Brooks Range (designated North Alaska), the Rocky Mountain basins, the 
lignite fields of the High Plains and Gulf Coast, the Carboniferous Basins of 
the Appalachian Plateau and the Carboniferous Interior Basins. The 
Carboniferous Fold Basin Province, characterized by steeply dipping seams, is 
excluded because of small apparent tonnage. Atlantic and Pacific Block Fault 
Basins, together with their southern Alaskan extension, are excluded because 
of low resource potential, and because of the small extent and isolated 
character of these deposits. If it is desirable to estimate the resources of 


♦Currently, new reserve estimates for the Gulf Coast lignites are being 
prepared by the state geological surveys of Texas, Louiaiana, Mississippi, 
and Alabama. 
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Table 1. Preliminary Resource Estimatea for U.S. Coal Provinces 
(Billions of Tons. Data in the third and fourth coliontk 
are adapted from the 1980 Keystone Coal Industry Manual . ) 



Preliminary Estiiaate 

Keystone Estimate 

Province 

Tonnage 

X 

Tonnage 

X 

Atlantic Block Fault Basins 

3 

0.1 

nil 

nil 

Carboniferous Fold Basins 

New England 

nil 

nil 

nil 

nil 

Pennsylvania and Virginia 

45 

1.0 

36 

0.9 

Alabama 

16 

0.4 

31 

0.8 

Arkansas 

18 

0.4 

44 

1.1 






Total 79 

Carboniferous Basins of the Appalachian 

1.8 

111 

2.8 

Plateau 

Pittsburgh 

179 

4.0 

178 

4.5 

Pocahontas 

166 

3.7 

166 

4.2 

Warrior 

18 

0.4 

59 

1.5 






Total 

363 

8.1 

403 

10.2 

Interior Carboniferous Basins 

Eastern 

303 

6.8 

431 

10.9 

Western 

128 

2.9 

114 

2.9 

Michigan 

nil 

nil 

nil 

nil 

Total 

431 

9.7 

545 

13.8 

Gulf Coast Lignites 

Eastern Portion 

165 

3.7 

3 

0.1 

Western Portion 

467 

10.5 

33 

0.8 





Total 

632 

14.2 

36 

0.9 

High Plains Lignites 

520 

11.7 

657 

16.5 

Rocky Mountain Basins 

1612 

36.1 

1829 

46.1 

Pacific Block Fault Basins 

17 

0.4 

63 

1.6 

Alaska 

North of Brooks Range 

718 

16.1 

289 

7.3 

South of Brooks Range 

83 

1.9 

34 

0.8 

Total 

fioT 

18.0 

323 

8.1 

Grand Total for U.S. 

4458 

100.0 

3967 

100.0 
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these areas, each field aust be analysed separately because of the 
considerable variation in the attitude and diaposition of the coal froa one 
basin to another. 


Finally, aaong those basins chosen for detailed study, soae ainor 
exclusions have been aade. The Cuaberland Plateau, the Michigan Basin, the 
Texas extension of the Interior Province, the North and South Park areas of 
Colorado, and the Blackfoot-Valier area of Montana were all excluded because 
of low apparent resource potential. 

The reaainder of the report is devoted tc preparing resource estiaates 
for the six aajor coal provinces selected above. Eaphasis will be placed on 
estiaated tonnages associated with those geological attributes which will 
strongly influence the %n>rking environaent (aining conditions) of advanced 
underground extraction systeas. The aethodology used to prepare these 
estiaates is described in Section 3, while the estiaates theaselves are 
presented in Sections 4 and 5. 
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SECTION 3 


NETHODOLOGy FOR MAKING DETAILED RESOURCE ESTIMATES 


As indicsted previously, the Methodology used to Mke detailed tonnage 
estiaates Must perait resources to be grouped into categories of aining 
conditions which have relevance to future aining systeas. Moreover) because 
of the liaited financial resources available for this study, the procedures 
used aust perait rapid estiaates which exhibit both a level of precision 
appropriate for R&D planning and a fairly unifora degree of accuracy. 

Finally, in order to aake the degree of accuracy explicit, and thus, perait 
aeaningful assessaents of resource uncertainty both within and between 
provinces, the aethodology should place the tonnage estiaates under 
statistical control. The approach chosen to satisfy the above criteria applies 
the idea of stratified randoa saapling to hosK>geneous coal blocks, %ihich are 
defined froa gross basinal features inferred froa the ancient depositional 
environaent. Tonnage uncertainty is then characterised by coaputing 
confidence intervals which eabody ainiaal assuaptions about the statistical 
properties of the resource. 

The following description of the sMthodology is organised into three 
parts. The first part characterises those geological attributes addressed by 
this study because of their obvious iapact on the structure of future aining 
systeas. The second part describes the detailed procedures used to aake 
tonnage estiaates and construct confidence intervals. And the third part 
outlines how estiaates of virgin resources were adjusted to account for 
historical production. 


3.1 CONSTRAINTS ON MINING SYSTEMS 

Factors which will influence the developaent of any novel mining system 
are similar to those that have shaped mining procedures in the past. These 
include the thickness of the coal seam, the angle at «diich the seam departs 
from the horisontal (here, called structural attitude), the amount of rock or 
rock material overlying the seam (overburden), the proximity to other coal 
seams (interburden), discontinuities caused by closely spaced faulting or 
igneous intrusions, the quality of the coal, and the amount of coal available 
for mining. The quantification of each attribute, together with its impact on 
mineability are described below. 


3.1.1 Seam Thickness 

In this report the thickness of a mineable seam is defined as the 
vertical distance between the top and bottom of a coal bed, including all 
noncoal material which, if the seam were to be mined, would make up no more 
than 50X by weight of the mined product. Because the density of most noncoal 
material within coal beds is very nearly twice the density of coal, the 
thickness of noncoal material in a seam should not exceed one-third of the 
entire seam thickness. If noncoal material makes up more than one-third of 
the thickness of a coal bed, and if adjacent layers of tht bed can be grouped 
so as to make up two or more seams in which less than one-third of each seam 
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Is made up of noncoal material, the beds can be regarded as multiple seams. 

If such a grouping of layers yields only one seam, with one-third of its 
thickness comprised of noncoal Mterial, the layers are designated an isolated 
seam. If no such grouping of adjacent layers yields a seam in %rhich one-third 
or less of the thickness is composed of noncoal material, the seam is regarded 
as currently umineable. 

. An additional constraint in defining mineability is seam thickness. 
Throughout this study a minimum seam thickness of 14 in. was observed. 

In view of constraints both on impurities within a seam and on total 
seam thickness, the seam thickness categories used in this study were 14 - 28 
in., 28 - 42 in., 42 in. - 15 ft, 15 - 50 ft, and greater than 50 ft. The 
lower limit of 14 in. approximates the thinnest seams that can now be mined, 
usually by surface aiethods. A seam height of 28 in. is the extreme lower 
limit currently observed in underground mining; however, 42 in. is regarded as 
a comfortable lower limit for contemporary underground equipment. A thickness 
of 15 ft is the approximate upper limit for present underground mining methods 
and equipment. Seam thicknesses on the order of 15 - 50 ft are not readily 
mined in the United States by underground methods; however, multiple slice 
longwalling of exceptionally thick coals is practiced in Europe. 


3.1.2 Structural Attitude 

Categories for angular departure of a coal seam from the horizontal are 
0 - 15'’, 15 - 45°, and more than 45°. Fifteen degrees represents the 
approximate upper limit for room and pillar technology in the United States. 
Dips of 15 - 45° characterize areas where combinations of conventional room 
and pillar mining, and stoping can be used. Dips greater than 45° would 
clearly require some sort of stoping method. 


3.1.3 Overburden 

The overburden categories used in this study are 0 - 500 ft, 500 - 2000 
ft, 2000 - 4000 ft, and greater than 4000 ft. Five hundred feet is the 
probable limit for any sort of surface mining, and and a depth of 2000 ft is 
the approximate current limit for most room and pillar mining in the United 
States. Four thousand feet represents a depth that is possibly within the 
range of present underground technology; however, depths greater than 4000 ft 
are beyond the limits of any established methods of coal mining. 


3.1.4 Interburden 

Interburden expresses the vertical proximity of seams to each other and 
is relevant to questions of multiple seac mining. In present underground 
practice, when two seams are in close proximity, the thinner or less 
continuous one is not mined, and thus, constitutes a neglected or unavailable 
resource. Similarly, in surface mines, thinner seams lying either closely 
above or below the thicker seam are frequently not removed. Hence, seam 
proximity, expressed by interburden thickness, comprises an important factor 
in the characterization of available resources, and a primary consideration in 
development of advanced mining systems. 
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3.1.5 Faulting and Igneous Intrusion 

Major displacement faults and igneous intrusions occurring at spacings 
of less than one mile are considered as a major impediment to mining, and 
areas in trhich such conditions prevail are indicated as a proportion of the 
total area available for mining. It should be understood that in contemporary 
practice, ir'ning proceeds to within a few feet of a single fault or intrusion, 
but multiple faults or intrusions within a small area can reduce mining 
potential substantially. 


3.1.6 Quality 

Coal quality in this report is expressed in terms of standard quality 
criteria — heating value in units of Btu/lb, percent sulfur, and percent 
ash. Btu/lb is reported to the nearest 100, typically as a range, and percent 
sulfur and percent ash are expressed to the nearest l.OZ. If the coals from a 
re;^Ion have been or are being coked, this fact is also noted. 


3.1.7 Amount of Coal Available 

Of all constraints relevant to the development of new mining systems, 
one of the most important is the amount of coal available. Hence, the basic 
resource measure used in this report is the tonnage available in each of the 
coal provinces. Subsequently, the aggregate tonnage is described in terms of 
seam thickness, structural attitude, overburden, interburden, seam disturbance 
by faulting or igneous intrusion, and coal quality. The unit of measure is 1 
billion tons, which is judged to be at least three orders of magnitude smaller 
than the aggregate national resource. In current practice, single reserve 
blocks of 10 - 30 pillion tons are considered viable economic units and blocks 
of 100 million tons jre viewed as substantial reserves. Thus, from the 
perspective of a mining property, 1 billion tons is an order of magnitude 
greater than a typical large reserve block. 


3.2 ESTIMATION OF ORIGINAL RESOURCE TONNAGE 

Estimates of total original resource tonnage for provinces are the 
product of three separate estimates: (1) the geographic coal-bearing portion 

of an area of the province; (2) the thickness of coal in these areas; and (3) 
a factor for transforming coal volume to weight. 

Tonnage ■ (Area) x (Mean Thickness) x (Tonnage Factor) 

The following paragraphs discuss the procedures used to estimate each 
factor and describe how the uncertainty surrounding total coal thickness was 
handled. The remainder of Section 3.2 describes how total coal tonnage was 
allocated to categories of seam thickness, overburden, structural altitude, 
disturbance by faulting and igneous intrusion, and coal quality. Estimates of 
tonnage that is affected by interburden thickness sufficiently small such that 
mining one seam may interfere with mining another is a complex issue which is 
treated separately in Section 5.0, titled "Analysis of Multiseam Deposits." 
Section 3.3 outlines how historical production was determined and how these 
estimates were used to infer remaining resources. 



3.2.1 Estimation of Geographic Area 

The coal provinces utilized in this study consist of coal-bearing areas 
long established by the geologic mapping performed by state and Federal 
agencies.* These program, which have been conducted over a period of at 
least 70 years, have resulted in the definition and mapping of the principal 
coal-bearing rock units in most of the contiguous United States. These rock 
units, which are roughly tabular or wedge-shaped, are generally underlain and 
overlain by noncoal -bearing rocks. In this report, the coal-bearing rock 
units are designated as coal formations.** 

In most of the United States, coal formations have been mapped at the 
scales of 1/24,000, 1/62,000, or 1/125,000. Mapping at these scales locates 
the area occupied by the coal formations to within 1000 ft horizontally, and 
in most cases, within 500 ft. The map scale chosen for detailed tonnage 
estimation in this study was 1/500,000 because at this scale, mapping errors 
of 500 or even 1000 ft are not within the range of measurement. The scale of 
1/500,000 has the additional advantage that one billion tons of coal, (the 
level of precision used throughout the study) corresponds to areas ranging 
upward from 2 sq in. on a 1/500,000 map (see Table 2). Areas of this size are 
measurable with a relatively high degree of precision by standard planimetric 
methods (within 0.2 square inches), and measurement errors are probably 
random. It is felt that the combination of precisely mapped coal formations, 
the selection of map scale, and the use of planimetry produce reasonably 
precise and unbiased estimates of coal-bearing areas. 


3.2.2 Estimates of Total Coal Thickness 

For each of the mapped areas of a coal formation, coal thickness within 
the formation must be estimated. Because individual seams are known to show 
considerable variation from one location to another, and because the rate of 
variation is known to differ between seams, there is no knotm method of 
producing controlled tonnage estimates of individual seams within the limits 
of time and resources allocated to this study. Hence, a classical statistical 
device was employed, in which the total thickness of coal within a formation 
at any single location was regarded as a basic sampling unit, and the mean 
coal thickness for all sampling units was considered to be the best estimate 
of total coal thickness for a given area. A total of 932 sampling units were 
selected, mostly from public sources. 

Choice of sampling units to represent total coal thickness for the 
^oal-bearing formations presented some problems. An attempt was made to 
select about twenty records of boreholes or carefully measured surface 
sections for each area. A larger number of samples would have been desirable, 
but the time needed to obtain logs and prepare them for analysis dictated that 
such limits be set. 


*Major exceptions are areas in North Alaska and the Gulf Coast Lignite 
Province where the coal-bearing formations are deeply buried and have net 
been carefully delineated. 

**Strictly applied, stratigraphic terminology requires specification of group, 
formation, or member for coal-bearing rock units. The term "formation”, as 
used here, implies a body of rock containing coal without regard to its 
stratigraphic rank. 
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The nonuniform character of the data caused considerable problems. 
Consistently, data for deeply luiried cosl formations proved to be of poor 
quality and/or very sparse. Although most cutting records of deep holes were 
of little value, some that were carefully logged were considered adequate. 
Generally, geo|Aysical logs were not considered to be useful because the scale 
of the logging did not adequately record coal thickness. In areas of shallow 
cover (down to about 2000 ft), the major problem was one of selection. As a 
rule, where coal is (or is believed to be) present, data are generally 
abundant; but where the inverse is true, data are scarce. To mitigate this 
effect, an attempt was made to space the data points on the order of 20 mi 
apart because many seams whose thickness distribution is known do not appear 
to maintain constant thickness over such distances. The problems of such 
widely spaced sampling units are obvious: events recorded in one particular 
borehole may be used to categorise a large area in which they are of minor 
importance. Hopefully, such errors are random and will cancel out in a large 
number of measurements. 


3.2.3 Treatment of Uncertainty in Estimates of Coal Thickness 

The random error involved in estimates of coal thickness for a given 
area involves the following basic relationship: 

S- - S/(n-l) 


where S: the sample variance 

n: the number of sample units, and 

S-: the standard error in estimating the mean. 


Sx may be used in conjunction with the t-distribution to construct 
confidence limits for coal thickness. These upper and lower bounds on 
thickness can then be applied to area measurements in order to obtain the 
corresponding confidence interval for the tonnage of coal in any given 
coal-bearing region. A similar procedure may be employed to compute 
confidence limits for the aggregation of areas which make up a basin (see 
Appendix B). 

Methods for reduction of error in these estimates are suggested by the 
form of the above expression. The number of samples (n) can be increased, or 
the sample variance (S) reduced. In the present study, the sample variance 
was reduced by creating geographic blocks which, for various geologic reasons, 
could be designated as homogeneous with respect to total coal thickness. In 
some cases, such blocks represented outcrop versus subcrop areas. In the 
former, only an eroded remnant of the coal-bearing formation is present, and 
hence, the total coal thickness is reduced. In the latter, the coal-bearing 
unit is completely buried, and the original coal thickness is preserved. In 
other cases, blocks are a function of rock facies which are formed when the 
coals and coal-bearing sediments were being deposited. From a study of modern 
peat deposits, Perm and Horne (1979) have shown that thick peat accumulation 
is restricted to certain geographic areas, for example, coastal zones. 
Recognition of these ancient peat-forming environments permitted blocking of 
coal basins into areas in which the coal is expected to be uniformly thick or 


thin. In a few cases, areas were blocked simply because available data were 
too sparse to make credible estimates, and the tonnage estimates which are 
reported must be regarded as uncontrolled. 

Thus, by evaluating gross lithologic characteristics, one may outline 
general areas of potentially thick or thin coal, thereby blocking a formation 
into subareas, each of which is treated as an independent stratum in the 
selection of representative boreholes or logs. 


3.2.4 Tonnage Factor as a Function of Coal Rank 


The tonnage factor, which transforms coal volume into tons, is a 
function of coal rank. Four coal-rank categories were recogvized in this 
study, leading to the following values for the tonnage factor: 


Anthracite: 
Bituminous coal: 
Subbituminous coal: 
Lignite factor: 


1.280.000 tons/aq mi-ft 

1.152.000 tons/sq mi-ft 
1,132,800 tons/sq mi-ft 

1.120.000 tons/sq mi-ft 


The very small range of values for different ranks of coal suggests that 
errors due to the misestimation of rank are neglible. 


3.2.5 Distribution of Tonnage by Seam Thickness 

Seam thickness measurements were derived from the ~ame data that we-e 
used to obtain the total tonnage estimates. For any giv .n area, a proportion 
of total coal thickness was allocated to seam thickness categories on the 
basis of seam footages falling within each category, and this proportion was 
applied to the total tonnage estimated for the area. Confidence intervals for 
the tonnage in each thickness category were not calculated. 


3.2.6 Distribution of Tonnage by Structural Attitude 

Tonnage allocation by structural attitude was established by assignment 
of structural attitude to map areas. In most cases, structure was determined 
from published structure contour maps. However, as the dips increase beyond 
15°, dip and strike symbols on large-scale geologic maps provide this 
information. Where different dip categories were found in a given field, the 
field was blocked into regions of constant dip, and the area of each region 
was determined by planimetry. The precision of these data are not known, 
especially where coal formations are deeply buried, and little quantitative 
information is available. 


3.2.7 Distribution of Tonnage by Overburden 

As in the case of structural attitude, tonnage breakdowns by depth of 
cover were ba^ed on map areas that were believed to have the specified 
overburden characteristics. The latter were derived from the difference 
between structural attitudes expressed on the structure contour maps, and 


estimate* of the elevation of the overlying topography. Areas of differing 
depths of burial were blocked in the same manner as in the characterization 
of struct>:val attitude. Because these areas are based on poorly controlled 
subsurface data and on generalized surface elevations, the precision of 
allocation of tonnage to overburden catgories is not known. 

3.2.8 Measurement of Interburden and the Allocation of Tonnage to Multiseams 

Examination of the proximity of seams to each other resulted in the 
identification of three distinct resource types: (1) currently mineable seams 
which are not proximal to each other (isolated seams), (2) seams which are 
mineable individually, but ere sufficiently close to one another that 
exploration of one seam will interfere with subsequent recovery of the other 
(multiple seams), and (3) seams containing rock partings amounting to more 
than SOX by weight of the mined product (not presently regarded as mineable 
seams). Computational details are described in Section 5. 


3.2.9 Determination of Tonnage Impacted by Faulting or Igneous Intrusion 

basic data indicating the degree to which faults and igneous intrusions 
displace or interrupt the coal seams is the least certain of all forms of 
categorization. Displacements on the order of 15 - 20 ft, or igneous bodies 
of the same dimension create very serious mining problems. However, features 
of this kind can rarely be identified in the course of conventional geologic 
mapping and, hence, do not appear on any but the most detailed geologic maps. 
Consequently, discontinuities of this type were treated in the following 
fashion. Areas where faults or igneous intrusions were shown within 1/2 mile 
of each other on a geologic map were indicated as faulted or intruded, and the 
proportion of this area was visually estimated. It is to be expected that, 
excep' in the case of the most serious displacements or intrusions, the 
reliability of these data will be low. 

A further constraint is placed on these estimates by the amount of 
detail expressed on geologic maps. Geologic mapping in regions of coal 
occurrence is, inmost cases, concentrated on the coal-bearing formations, and 
the formations above and below receive less attention. Moreover, if such 
features are shown in the adjoining rock units, it is uncertain whether they 
can be projected into deeply buried coal-bearing formations. As a 
consequence, areas of faulting and igneous intrusion were not estimatv^d for 
areas more deeply buried than 2000 ft. 


3.2.10 Quantification of Coal Quality 

A number of analyses — including standard measurements of Btu/lb, 
percent sulfur, and percent ash for specified s ams — are generally included 
in geologic reports. Values of Btu/lb and percent sulfur for any given area 
are generally tightly clustered, and the values reported in this study 
represents the commonly observed range, based on at least 100 analyses. 
Extremes in observed values are not reported because they represent very 
unconmon occurrences. Ash values given in this study are derived from the 
same sources as data on percent sulfur and Btu/lb. Since different sampling 
methods can provide wide variation in ash measurements, the precision of this 
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inforaation is not known. Coking potential is not accurately predictable froa 
standard analytical data, and hence, in this study data on coking quality were 
limited to estiaates of coking capacity, based upon reported coke production. 

3.3 ESTIMATION OF REMAINING RESOURCES 

An iaportant consideration in developing resource estimates is the 
adjustaent of original tonnage in place to account for coal already mined, or 
unrecoverable coal remaining in ained and abandoned areas. The historical 
data used to aake this adjustment were reported only by geographic region, 
usually by county. This is not a particular problem for estimation of 
remaining resources for an entire province, because provincial boundaries 
coincide to a reasonable degree with county boundaries. The principal 
difficulty lies in determining the amounts of coal remaining in abandoned 
mining areas, and allocating these tonnages across categories of seam 
thickness, overburden, etc. This must be done by subjective judgment on a 
province by province basis inasmuch as the mining techniques differ 
substantially from area to area, and over the space of time that coal mining 
has been practiced. The ground rules for making these judgments are described 
for each province in appropriate sections of this report, but the general 
nature of these problems is described below. 

une of the major problems in estimating remaining tonnage is the 
determination of the recovery fraction achieved in the past. In areas %«here 
mining began at an early period, where mines were small but numerous, and 
where coal hud a low market value, recovery from any single block probably did 
not exceed 20Z. In areas that have been mined in the past twenty years and 
where the properties were sizeable, recovery rates, although higher, are 
subject to wide variation. For example, in a large, well-operated mine in 
ifhich retreat mining cannot be employed (pillars and barriers are left 
intact), recovery probably does not exceed 451. In contrast, recovery can 
reach about 70Z in well-operated mines which can practice retreat mining or 
utilize longwall methods. Finally, well managed surface mines can achieve 
nearly lOOZ recovery in areas of moderate relief, but such recovery rates 
typically apply only in very small areas. 

Assignment of recovery rates to thickness categories presented 
additional problems. In the eastern part of the United States, major 
underground mining has been concentrated in seams exceeding 42 in. Today, 
however, coals of very high quality can be successfully mined in seams as thin 
as 28 in. In contrast, large western mines operate in seams 6 - 10 ft thick, 
and will usually discontinue operations when the seam thins to 4 - 5 ft. 

In surface mining, thickness is not critical because the controlling factor is 
simply the ratio of total coal to overburden removed. However, in most cases, 
28 in. may be considered a practical lower limit in the eastern fields (unless 
a thicker seam lies in close proximity above or below), and 4 ft may be 
considered an average lower limit for subbituminous mines in the western 
fields. 

The a-signment of mined or lost-in-mining tonnages to overburden 
categories is not quite so complex since very little coal in the United States 
is mined at depths greater than 2000 ft. A major difficulty arises, however, 
in assigning tonnages mined or lost in mining to the 0 - 500 ft overburden 
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category because oumy underground mines with poor recovery have been developed 
at that depth, whereas, many surface mines with almost total recovery operate 
with overburden of about 100 ** 150 ft. Hence, unless all or nearly all of the 
tonnage in a particular area is known to have been derived by surface methods, 
the same average recovery figure is used throughout the interval of 0 - 2000 
ft. Finally, no allocation of tonnage mined or lost'-in’^ining has been made 
in areas of steeply inclined, faulted, or intruded beds because such areas are 
mined only under special circumstances, and the tonnages relative to otl^-r 
seams are small . 



SECTION 4 


RESOURCES OF MAJOR U.S. COAL PROVINCES 


As a result of the preliminary estimates made in Phase I, the coal 
provinces of the U.S. which are believed to have the greatest resource 
potential are the Carboniferous Appalachian Plateau Province, the 
Carboniferous Interior Province, the Gulf Coast Lignite Province, the High 
Plains Lignite Province, the Rocky Mountain Province, and the North Alaska 
province (Alaska north of the Brooks Range). Each of these provincea is 
described below in terms of geographic extent, salient geological features, 
coal quality, and previous mining activity. Sumnary resource tonnage is 
tabulated for each province and for important subareas within a province. In 
Section 5.0, tonnage estimates are prepared for a resource subset called 
multiseams. Multiseams can be divided into two subresources: (1) coals which 
are so intimately interbedded with rock that the coal and rock are mined as 
one unit; and (2) coals which are thick enough to be mined separately, but 
close enough vertically such that removing one will interfere with recovering 
another. Detailed data about the distribution of tonnage by thickness, 
overburden, dip, etc., within a subarea are tabulated Jn Appendix A, in the 
order which provinces are described in the text . 


4.1 CARBONIFEROUS BASINS OF THE APPALACHIAN PLATEAU 


4.1.1 Extent 

The coal fields of the Appalachian Plateau extend southward from 
western Pennsylvania and eastern Ohio through western Maryland, West Virginia, 
eastern Kentucky, southwestern Virginia, and into northeastern Tennessee (see 
Figure 1). Southwestward from northeast Tennessee, coal-bearing rocks occur 
in the Cumberland Plateau of Tennessee, northweiit Georgia, and northern 
Alabama. The coal beds of tnese latter three areas are thin and erratic, and 
their resources are not considered here. Adjoining the Cumberland Plateau to 
the southwest is the Warrior Basin of Alabama, the southernmost of the 
Appalachian coal oasins. Much of this basin is buried beneath younger rocks 
of the Gulf Coastal Plain, but the basin is known to extend into northern 
Mississippi and to emerge from beneath the Coastal Plain sediments in the 
Arkoma Basin of Arkansas and Oklahoma. 


4.1.2 Geology 

Geologic structure in the Appalachian Plateau Province is relatively 
simple, and except in very small areas on the eastern and southern margins of 
the province, dips rarely exceed 15°. Displacement faulting is generally 
very minor and of small scale, and igneous intrusions are even more rare. 

The pattern of distribution of mineable seams varies considerably 
throughout the Appalachian Plateau. The major coal producing basins from 
north to south are the Dunkard Basin, the Pocahontas Basin and the Warrior 
Basin (see Figure 1). The occurrence of the major coal-bearing formations 
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in the two northern beeine — Dunkerd and Pocahortaa — it illuttrated in 
Figure 2. The tandatonet in the lower part the crota taction are believed 
to be ancient barrier itland depoaita, with the coal-bearing rocka occurring 
on the landward (aouthward) a idea. 

As indicated in Figure 2| the rocka containing thick aeaaa overlap one 
another, with the northerraaoat being the younger. In the Dunkard Baain there 
are two coal-bearing format iona — the Allegheny and the Nonongahela. Rocka 
of the Allegheny formation diaplay a tranaition from barrier faciea on the 
extreme north, through a major coal-bearing deltaic faciea in the middle 
portion, to fluvial depoaita with little coal in the aouth. The Monongahela 
formation (including the faxKiua Pittaburgh coal aeam) is younger than the 
Allegheny, and gradea from a major coal-bearing province in the north, to 
fluvial depoaita with little coal in the aouth. 

Lying beneath and aouthward of theae Dunkard Baain depoaita are the 
coal-bearing rocka of the Pocahontaa Baain. The coal-bearing formationa in 
this area include the Pocahontaa Formation of Virginia and aouthern Weat 
Virginia, and the Lee and New River Formationa of Virginia, Weat Virginia, and 
eaatern Kentucky. The oldeat formationa, the Pocahontaa and New River-Lee, 
contain important coala along the aouthern margin of the baain. Within a 
abort distance northward, however, these coal-bearing strata grade into a 
sandstone dominated facies with no mineable coals. 

Overlying and slightly offset from the Pocahontas and New River-Lee is 
the second major coal-bearing faciea in the Pocahontas Basin — the Kanawha 
(Weat Virginia) and Breathitt (Kentucky) formations. This group of rocks is 
thick along its southern outcrop, and contains many mineable coals before 
grading northward into barrier sandstone deposits. These barrier deposits 
(Pottsville) underlie the coal-bearing portions of the Allegheny formation in 
the Dunkard Basin. Thia northward shingled effect of the coal-bearing facies 
in the Pocahontas and Dunkard Basins, combined with the overall structure of 
the basin, produces an area in which most of the mineable coals occur within 
lOOO ft of the surface, and virtually all are within 2000 ft. 

The distribution of coal-bearing strata in the Warrior Basin is less 
well known than those further north because much of the Warrior Basin lies 
buried beneath younger sediments of the Gulf Coastal Plain. The cross section 
on Figure 3 shows the major distribution of the coals in the outcropping and 
near-subcurface portion of the basin, as well as what can be inferred from oil 
and gas test wells in the deeply buried portion of this area. Examination 
of this section shows that the coal seams ate clustered into groups (called 
"coal groups" by the Alabama Geological Survey) separated by rock bodies 
200 - 500 ft thick. As one roceeds from the outcrop into the subcrop, these 
divisions are not so obvious, but the quality of the data is not high and may 
be misleading. 

The Warrior Basin is limited on the southwest by a northwest trending 
belt of upturned and folded rocks, which has been traced eastward from the 
Ouachita Mountains into central Mississippi (see Figure 1). The northwest 
extension of the coal-bearing portion of the Warrior Basin is less well 
established. Where the outcropping, coal-bearing strata of the Warrior Basin 
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Figure 2. Cross Section of the Dunkard and Pocahontas Basins in the Appalachian Plateau Province 
(See Figure 1 for location of this cross section.) 





emerge! from beneath the Co.eetcl Plain in Arkanaati the coal aeama are not of 
significant thickness. Therefore, somewhere bet«reen northeastern Mississippi 
and central Arkansas the seaam become too thin to be mineable. Because of 
very sparse data, it soemed prudent to extend the coals of the Warrior Basin 
only a short distance i .co the northwestern subsurface. 


4.1.3 Quality 

The quality of the coal in the Appalachian Plateau Province shows 
considerable variation (Although the lowest rank is high-volatile bituminous. 
Energy content in mcmZ of the area ranges from about 11,000 - 13,000 Btu/lb. 

In southern West Virginia and adjoining portions of Virginia, some of the coal 
is medium- to low-volatile bituminous. Sulfur values are highest in the 
northwestern parts of the Dunkard Basin in eastern Ohio and northwestern 
Pennsylvania. In vhis legion, sulfur ranges from 1 - 4X and is commonly about 
2 - 3X. Elsewhere i i .;he Dunkard and the Pocahontas Basins, sulfur commonly 
ranges from O.S ' 1^. The reported ash content of the mined coal varies 
widely, depend i' r primarily on the muaber of partings and the cleaning 
processes used. Reported ash of the coal itself ranges from 2 - 20Z. Some 
coking qualify o^ls occur on the eastern side of the Appalachian Plateau in 
Pennsylvania, southern West Virginia, Virginia, southeastern Kentucky, and the 
eastern sid'^ of the Warrior Basin. 


4.1.4 Mining 

The coal fields of the Appalachian Plateau %rere the first exploited in 
the United States, with mining beginning in earnest in the late 19th century. 
Initially, all the coal was mined by underground methods, but since the late 
1940' s, surface mining has gained considerable importance. A substantial 
volume of tonnage originates from large mining operations, often owned by 
steel companies. However, in times of increased coal demand, the near-surface 
character of the seams leads to a multitude of small producers who, in the 
aggregate, can mine significant tonnage. Although most of the underground 
production comes from mines using room and pillar mining methods and 
continuous mining equipment, there are an increasing number of longwall 
installations. In many small operations, conventional mining methods (drill 
and blast) are employed. 


4.1.5 Coal Resources of the Dunkard Basin 

Total original resources in the Dunkatd Basin are estimated to be 
slightly over 335 billion tons (see Table A-1 in Appendix A), with the 
Monongahela Formation containing about one-third oi the tonnage, and the 
Allegheny, the rest. The Monongahela estimate was prepared in two parts (see 
Figure 4 and Tables A-2 to A-4). Monongahela I is an area where part of the 
coal-bearing formation has been eroded and, hence, has smaller thicknesses of 
coal. In Monongahela IT, the entire formation is buried beneath younger 
noncoal-bearing strata, and the full thickness of the coal-bearing formation 
is preserved. 
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Figure 4. Location of Areas of Coal Resource Estimation for the Mcnongahela 
Formation in the Dunkard Basin of the Appalachian Plateau Province 
(Larger area — "Monongahela 1" — represents the area where the 
formation is partially eroded; smaller area — "Monongahela IT" 
represents the area where the full thickness of the formation is 
present. See Tables A-3 and A-4 for resources in each area and 
Table A-2 for total resources.) 
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The esciaate for the Allegheny Fomation was prepared only for the 
northwestern part of the stratigraphic group of rocks designated Allegheny on 
geologic maps because nost seass in the southern part are thin and erratically 
distributed. In the north, %^ere the mineable seams occur, there appears to 
be no distinct pattern of distribution of total coal thickness. Hence, the 
area was treated as a single block, and the results are sho%m on Figure S and 
Table A-5. 

The Monongahela estimate is reasonably we 11 -control led since the coal 
occurrences are not deeply buried, and exploration data are relatively 
abundant. The estimates for the Allegheny are based on projections from the 
outcrop and shallow subsurface into the deeper subsurface, and thus, are less 
well-controlled. 

Table 3, which summarizes original resource data for the Dunkard Basin, 
shows that of the total of 335 billion original tons, about 45Z occurs in beds 
15 ft - 42 in. thick, 30Z in beds of 42 - 28 in., and 25Z in beds of 
28 - 14 in. thick. About 40Z of the tonnage occurs within 500 ft of the 
surface, and none below 2000 ft. None of the total tonnage is estimated to be 
affected by displacement faults or intrusions, and none is estimated to occur 
in beds dipping more than 15°. 

The remaining resources of the Dunkard Basin, also shown on Table 3, 
are based on the asstimption of 45Z recovery, in both 0 - 500 ft and 500 - 
2000 ft overburden categories, and on the assumption that 70Z of the mined 
tonnage has been derived from beds 15 ft - 42 in. thick, 25Z from beds 42 - 28 
in. thick, and 5Z from beds 28 - 14 in. thick. According to these estimates, 
only about lOZ of the original resource has been utilized, and of the 
remaining 300 billion tons, slightly less than half is in the 15 ft - 42 in. 
category, and under less than 2000 ft of overburden. 


4.1.6 Coal Resources of the Pocahontas Basin 

Total original resources of the Pocahontas Basin are estimated to be 
about 335 billion tons, or about the same as the Dunkard Basin (see 
Table A-6). Estimation of resources in this basin is complicated by the 
shingled arrangement of the coal formations, wherein thick coal seams of one 
formation overlap the thin seams of another (see Figure 2). This factor, 
combined with structural attitude and local relief, yields seven resource 
subdivisions, designated P-I through P-VII on Figure 6. Block P-I includes 
thin coals of the lower part of the Breathitt Formation, whereas, P-II 
reflects thick co'^ls of both the upper and lower parts of the Breathitt 
Formation in eastern Kentucky and Virginia, as well as its Kanawha equivalent 
in West Virginia. P-III contains some lower Breathitt and upper New River 
coals in Virginia and West Virginia. Areas P-IV and P-V represent, 
respectively, subcrop and outcrop of the Pocahontas coals overlain by the thin 
New River coals. Block P-VI represents the outcrop area of thin lower and 
thick upper Kanawha coals, and P-VII represents their subcrop equivalent. 

Among these blocks, the belt of thick upper and lower Breathitt -Kanawha coals 
in Kentucky, Virginia, and West Virginia (block P-II) clearly contains the 
largest resources (see Tables A-7 through A-13). 
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Figure S. Location of Areas of Coal Resource Fstimatior for the 
Allegheny Fomation in the Dcnkard Basin of the 
Appalachian Plateau Province. (See Table A-l tor 
resources . ) 
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Figure 6. Location of Areas of Coal Resource Estimation for the 
Pocahontas Basin in the Appalachian Plateau Province. 
(Areas "P-I" through "P-VII" represent outcrop and 
aubcrop areas of different coal formations in the 
Pocahontas Basin. See text for description of coals in 
each area and Tables A-6 through A-13 for resources.) 
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The suomary of the original resource data for the Pocahontas Basin 
presented in Table 4 indicates that of the total of roughly 335 billion tons, 
52Z occur in beds 15 ft - 42 in. thick, 21X in beds 42 - 28 in. thick, and 27X 
in beds 28 - 14 in. thick. About one>third of the original tonnage occurred 
within 500 ft of the surface, and none below 2>Ono ft. Estimates of the 
remaining resources of the Pocahontas Basin, shewn in Table 4, are based on 
the assumption of 45Z recovery throughout the interval of 0 - 2000 ft, and 
on the assumption that 70Z of the mined tonnage was derived from seams 
15 ft - 42 in. thick, 25X from 42 - 28 in. coals, and 5% from 28 - 14 in. 
seams. Table 4 suggests that only about 7X of the original resources have 
been utilized, and of the remaining 160 billion tons, about 50% are in the 
15 ft - 42 in. category, at depths of less than 2000 ft. 


4.1.7 Coal Resources of the Warrior Basin 

Total original resources of the Warrior Basin (see Table A-14) are 
estimated to be about 200 billion tons, which is approximately two-thirds of 
the tonnage in either the Dunkard or Pocahontas Basins. Blocking of the 
Warrior Basin into the three areas shown in Figure 7 is based upon the 
synclinal shape of the basin. The Warrior-I block consists of the entire 
coal-bearing sequence in the Warrior Basin under less than 2000 ft of cover, 
whereas, Warrior-II includes seams in the lower two-thirds of the sequence, 
part of which is under less than 2000 ft of cover, and part deeper than 
2000 ft. Warrior-III incluf^es only the lowest seams in the Warrior sequence. 
Tonnage estimates for each of these blocks are shown on Tables A-15, A-16, and 
A-17. Table 5, which summarizes the original resource data for the Warrior 
Basin, shows that of the total of roughly 200 billion tons, only about 15% 
are in beds 15 ft - 42 in. thick and about 25% in beds 42 - 28 in. thick. 

This is a significant departure from the thickness distribution observed 
in the Pocahontas and Dunkard Basins, which have a much larger portion of 
thick seams, and a smaller proportion in the 28 - 14 in. category. In 
addition, the Warrior Basin differs from those further to the north in having 
about 15% of its resources in areas with more than 2000 ft of overburden. 

Estimates of the remaining resources of the Warrior Basin are based on 
the assumption of 45% recovery in both the 0 - 500 ft and 500 - 2000 ft 
overburden categories, and on the assumption that 70% of the mined tonnage is 
derived from beds 15 ft - 42 in. thick, 25% from beds 42 - 28 in. thick, and 
5% from beds 28 - 14 in. thick. It is possible that a greater percentage of 
historical production should be assigned to thinner seams, but the aggregate 
tonnage mined and lost-in-mining is so small that the above estimates would 
not be seriously affected. It may be further assumed that no coal has been 
mined from areas with greater than 2000 ft of overburden. These assumptions 
indicate that only about 1% of the original resource has been utilized; thus, 
except for the 15 ft - 42 in. category, the resource is virtually intact. 
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Table 4. Original and Remaining Resources of the Pocahontas Basin 
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Figure 7. 


Location of Areas of Coal Resource Estimation in the Warrior ^ 
Basin in the Appalachian Plateau Province (Area Warrior I 
includes all seams in the Warrior Basin Sequence, area 
"Warrior II" includes the lower two-thirds of the seams, and 
"Warrior III" includes only the lowest seams. See Tables A-IS 
through A-17 for resources of each area and Table A-U for 
total resources.! 
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4.1.8 Sunary of Remaining Coal Resources of the Appalachiau plateau Province 

Table 6, %rhich sunmarises the remaining resources for all maior basins 
of the Appalachian Plateau, indicates that of a total of about 800 billion 
tons, nearly all the resource occurs in areas with overburden of 2000 ft or 
less, and 30X of the total lies under less than 500 ft of cover. It also 
indicates that about 40Z of the remaining tonnage is under less chan 2000 ft 
of cover and occurs in beds 15 ft - 42 in. thick. The thinner ueam categories 
— 42 - 28 in. and 28 - 14 in. — contain about 30Z of the resource. An 
insignificant proportion of the tonnage lies in steeply inclined beds, seams 
made discontinuous by faulting or igneous intrustion, and coals under more 
than 2000 ft of overburden. 


A. 2 CARBONIFEROUS INTERIOR PROVINCE 


4.2.1 Extent 

Extending southwestward from the state of Michigan into northeast Texas 
are a series of basins containing coal of Carboniferous Age (see Figure 1). 

Of these, two of the largest have been selected for detailed study: (1) the 
Eastern Interior Basin, which is located mainly in Illinois, with extensions 
into southwestern Indiana and western Kentucky; and (2) the Western Interior 
Basin, which is located principally in south central Iowa, northwestern 
nissourl, eastern Kansas, and 'northeastern Oklahoma- The portion of this 
basin lying in northeast Texas is excluded from this study because of small 
resource potential. 


4.2.2 Geology 

The geologic structure of the Eastern and Western Interior Basins is 
substantially different. The Et^stern Interior Basin is a true structural 
basin, dipping towatd the center, with the deepest part in southeastern 
Illinois (see Figure 8)- The Western Interior Basin is actua iy the eastern 
flank of a large, flat-bottomed, somewhat diffuse structural depression that 
extends from the Ozark Dome westward to the Front Ran'$e of the Rockies (see 
Figure 9). The expression "Wfstern Interior Basin" however, applies only to 
the eastern flank of this large depression because it is in this area that 
coals of mineable thickness occur. 

In both the Eastern and Western Interior Basins, dips are very low, 
generally less than a few degrees, and faultirg is negligible except in the 
southernmost pare of the Eastern Basin. Normal faults with • displacement of 
about 200 ft are relatively abundant in western Kentucky and some parts of 
southern Illinois, but the zones in which displacement occurs occupy small 
arecs. Mining in areas between the faults is not affected. As in the 
Appalachian Plateau, igneous intrusions do occur, but are not significant with 
regard to mining. 

The mineable coal seams in both the Eastern and Western Interior Basins, 
are restricted to rather thin but widespread groups of rocks. Figure 8, 
a cross-sec tioii which extends north and south through the Eastern Interior 
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Figure 8. Cross Sections of a 'astern Interior Basin in the Carboniferous Interior Province 
(See Figure 1 for 1 ^cion of this cross section.) 
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COAL bearing facies 


Batin, ahowa tha antira coal<*baariiig aaqaanea for tha ragion* Howavar, ttoat 
of tha aittaabla aaa«a ara eoncantratad in a aona 200 “ 300 ft thick in tha 
lowar part of tha aaqoanea. Vartical aaetiona through thia aaqiMOea in 
diffarant parta of tha araa ahow that tha thieknaaa of any ona aaaai variaa 
throughout tha haain, hut thimiing of ona apparantly ia coapanaatad by 
thiekanittg of anothar, and no claar pattarn of ragional variation in coal 
thieknaaa ia avidant. 

Tha ganaral diatribution of ainaabla aaMM within tha coal<*baaring 
rocka in tha Waatarn Intarior Baain ia vary aiaitar to that found in tha 
Baatam Intarior. Tha najor ainaabla aa«M arc confined to a 200 ^ 300 ft 
interval in tha lower part of tha total aaquanca. Aa in tha Baatam Intarior 
Baain, tha aaawa of the Vaatarn Intarior ahow no claar cluataring of thick 
coal in any ona part of tha baain. Tha aiajor diffaranca between tha two 
baaina liaa in the extanaion of tha coal-bearing atrata into the deep 
aubaurfaca on tha waatarn aide of tha Uaatam Intarior Field — a feature not 
found in tha Baatam Interior Baain. In thia araa, coal aeaaw in axcaaa of 
14 in. extend downward to at leaat 2000 ft beneath tha aurfaca. Tha waatarn 
extent of theae deeply buried aeaiM way be greater than ia indicated on the 
croaa aection of Figure 9, but data in thia area ia too aparae to include 
theae coala in the reaource eatinate. Glacial depoaita cover the coal-bearing 
rocka north of central Kanaaa and aouthern Illinoia, yielding a uniformly 
level aapect to the terrain. Thia lack of aurface relief, in conjunction with 
gentle dipa of the coal-bearing rocka, leada to a conatant diatance between 
the aurface and the underlying coala over wide areaa of the province. 

Rock unita that contain moat of the mineable coala in the Interior 
baaina are believed to be aimilar in age to the Allegheny rocka of the Dunkard 
Baain, and in many raapecta, a atrong reaemblance ia evident. Firat, the rock 
unita in which the mineable aeama occur are relatively thin (200 - 300 ft), 
and the coal aeama are rath ' uniform in distribution. In both of the 
Interior Basins and in the legheny Formation of the Dunkard Basin, the major 
coal-bearing sequence is underlain by formations dominated by sandstones, and 
many individual seatM are overlain by rocka containing abundant evidence of 
deposition in marine water. This characteristic is found in some Allegeheny 
coal seaom but is much more pronounced in the Eastern Interior, and is 
especially true of the seams in the Western Interior Basin. 


4.2.3 Quality 

There is substantial variability in the rank of coal of the Interior 
Province, ranging from about 11,000 to nearly 13,000 Btu/lb. Higher values of 
Btu/lb appear to be associated with coals occurring at greater depths. Sulfur 
content ia higher than most of the coals in the Appalachia. i Region. In the 
Eastern Interior, sulfur commonly runs from 3 - 52; in the Western Interior, 
the percentage is slightly higher. An association between the type of roof 
rock and the sulfur content of the underlying coal has been observed in this 
region. Where black shale and/or limestone with marine fossils overlie the 
coal, the sulfur is high (on the order of 3 - 42), but where gray shale 
without marine sheila overlies the coal, the uulfur content of the coal may be 
as low as 2 - 2.32. Hence, the Western Interior coals with extensive marine 


39 


cap rock can be axpactad to ba aoa a w h at hi^ar In aulfur than Baatarn Interior 
aeaas, where thia phanoaanon la laaa coaMon, Although aah content variaa 
conaiderably, it cowaonly runs about lOX. Moat of the coala are uaad for ataaa 
generation! but aove froai aouthem lllinoia are blended with higher rank coela to 
produce coke. 


4. 2. A Mining 

Subatantial underground wining haa been conducted in the Interior Province 
since about the turn of the century, and aurface wining haa been practiced exten- 
sively since the early 1900' a. Uniforwity of distance between the surface and 
the underlying coals has encouraged surface wining. The level character of the 
terrain and the wantle of glacial deposits in the northern part of the region have 
discouraged swall wining operations that are so characteristic of the Appalachian 
Province, and woat of the tonnage is produced by large wines. Many of the large 
underground operations utilise continuous wining wachines, and sowe use wodern 
longwall equipwent; however, conventional wethods are still ewployed in sMny large 
wines. 


4.2.3 Coal Resources of the Eastern Interior Basin 

Table A-18 indicates that the total original resources of the Eastern 
Interior Basin are estiwated to be on the order of 377 billion tons. These totals 
are derived frow Tables A-19 and A-20, which describe the resources of the "thick" 
and "thin" blocks of Eastern Interior coals as delineated in Figure 10. Table 7, 
which suwaarises the original resource data, shows that of the total resources, 

451, or about half, are in seaws 15 ft - 42 in. thick, and the rewainder are in the 
thinner seaws. Slightly less than two-thirds of the total tonnage occurs at depths 
of 

500 ft or less, and nearly all lies within 2000 ft of the surface. A trivial 
percentage is estiwated to be sufficiently disturbed by faulting as to be wineable 
only with great difficulty, and igneous intrusion is siwilarly of very winor 
iwportance. 

The rewaining resources of the Eastern Interior Basin, susnarieed in Table 
7, are based on the assuwption of 451 recovery in both the 0 - 500 ft and 500 - 
2000 ft overburden categories, and on the assuwption that 70Z of the wined tonnage 
has been derived frow beds 15 ft - 42 in. thick, 251 frow the 42 - 28 in. category, 
and 5t frow seaws of 28 - 14 in. According to these assuwptions, only about 4% of 
the original resource has been utilized, and of the rewaining 364 billion tons, 
about 45% is 15 ft - 42 in. thick, and lying under less than 2000 ft of cover. 


4.2.6 Coal Resources of the Western Interior Basin 

Table 8, which sunarizes the data for the Western Interior Basin estiwates 
total original resources at about 377 billion tons — coincidentally, the sawe as 
for the Eastern Interior (see Table A-21 and Figure 11). Of this total, about 60% 
is in beds 28 - 14 in. thick, and the rewainder is about equally divided between 
the 15 ft - 42 in. and 42 - 28 in. categories. Roughly 20X of the total tonnage 
lies within 500 ft of the surface, about 70l frow 500 - 2000 ft deep, and less than 
lOZ below 2000 ft. None of the total tonnage is expected to be affected by 
displacewent faulting or igneous intrusion. 
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Figure 10. 


Location of Areas of Coal Resource Estimation in the 
Eastern Interior Basin in the Carboniferous Interior 
Province (Area designated "Eastern Interior Thick" 
consists mainly of the major coal bearing formations. 
Area designated "Eastern Interior Thin" is mainly thin 
older seams that have no importance elsewhere in the 
basin. See Tables A-19 and A-20 for each area and 
Table A-18 for total resources.) 
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Table 7. Original and Remaining Resources of the Eastern Interior Basin 
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Table 8. Original and Remaining Resources of the Western Interior Basin 
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Figur<is may not add to indicated totals due to round-off. 

Based on 65Z recovery and the assuaption that 33. 3Z of historical tonnage was derived froa seams 13 ft - 42 in. thick, 33. 4Z froa seaas of 42 
28 in., and 33. 3X froa seaas of 28 - 14 in. 
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Figure 11 
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Figure 11. (Cont'd) 



The remaining reeourcea of the Western Interior Basin, shown on Table 8, are 
based on the assumption of 65Z overall recovery, inasmuch as surface mining 
has been the dominant mining method in the region. Moreover, it is assumed 
that the tonnage mined or lost- in-mining is distributed equally among the 
three thickness categories, since surface mining is not so severely 
constrained by seam height as underground methods. These assumptions imply 
that less than IX of the original resource nas been utilized, and that about 
60X of the remaining resource is in beds 28 - 14 in. thick, beneath less than 
2000 ft of cover. 


4.2.7 Summary of Remaining Coal Resources in the Interior Province 

Table 9, which summarizes the remaining resources for both Interior 
Basins, indicates an aggregate of about 740 billion tons, of which about 40X 
occurs in areas with less than 500 ft of overburden, almost all of the 
remainder lying under less than 2000 ft of cover. About 30X of the remaining 
tonnage under less than 2000 ft of cover occurs in beds 15 ft - 42 in. thick, 
about 20X occurs in beds of 42 - 28 in., and 45Z in beds of 28 - 14 in. 
Tonnages in steeply dipping, faulted, or intruded areas are of only minor 
importance. 


4.3 THE GULF COAST LIGNITE PROVINCE 


4.3.1 Extent 

The geologic province designated the Gulf Coastal Plain extends west to 
east from the Mexican border to central Georgia, and south to north from the 
Gulf shore to central Texas, southeast Arkansas, southernmost Missouri and 
Illinois, western Kentucky and Tennessee, northeast Mississippi, and central 
Alabama and Georgia. As shown on Figure 1, lignite deposits at or near the 
surface do not extend to the northern limit of the province, but are primarily 
restricted to a broad area of northeast Texas, northern Louisiana, and central 
Mississippi. Smaller deposits are known in central Texas, southern Arkansas, 
and central Alabama. Lignites of unknown but very modest extent occur in 
western Kentucky and Tennessee. 


4.3.2 Geology 

The geologic structure of the Gulf Coastal Plain Lignite Province is 
dominated by strata which dip uniformly gulfward from the outcrop area, with 
an inclination of a few degrees or less. The major exceptions to this trend 
occur in northeastern Texas and northern Louisiana, where broad domal 
structures about 60 mi in diameter interrupt the general southward dip. 
Although creating local reversals in dip, the main effect of these domes is 
expansion of the outcrop and shallow subcrop areas of the lignite-bearing 
formations. 

Igneous intrusions are of no importance in the Gulf Coastal Plain 
Province. However, normal faulting is a characteristic feature of the 
region. The trend of these faults is generally at right angles to the 
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direction of dip, end, ee e rule, the dicplecoo^nt ie generally downward 
toward the Gulf. Becauae tho thickneaa of aedi«enta increaaea abruptly on the 
south side of these faults, and because the displacene increases with depth 
(some faults do not reach the surface), it is hypothe .zed that the faulting 
was contemporaneous with sedimentation and provided a major mechanism for 
basin subsidence. It is doubtful that these displacements would impede mining 
because, like the faults of the Eastern Interior Basin, they appear to be 
reasonably widely spaced. This pattern of faulting would, however, have the 
effect of rapidly increasing the depth of cover in surface mining operations. 

Lignite is found throughout much of the Gulf Coast Tertiary sequence, 
ani peats occur in the Holocene. However, the best kno%m lignite occurrence 
is in the formations of Eocene Age, particularly in the Wilcox Formation of 
the lower Eocene, and the Jackson Formation near the top of the Eocene 
sequence (see Figures 12 and 13). In these rock groups, the major influences 
on lignite formation (called depositional controls) were (1) the depositions! 
setting of thick peats in the delta plain portion of the fluvio-deltaic 
deposits, and (2) the gulfward growth faulting which produced thickening of 
the lignite deposits in a southward direction. 

Knowledge concerning the depositional controls on lignite (peat) 
accumulation has been derived from known occurrences of peat in Holocene 
alluvial deposits of the Mississippi Fiver and its delta plain, where 
depositional processes can be directly observed. On the alluvial plain of the 
Mississippi, few peat deposits are known, but as the delta plain is 
approached, the number, thickness, and areal distribution of peat deposits 
increase. Near the Gulf shoreline, peat deposits diminish, and no peats are 
found in subaqueous environments of the Gulf. This same pattern is seen in 
the Eocene lignites, in which the depositional system consists of fluvial sand 
deposits with little peat, grading laterally into deltaic sands and shales 
with abundant peat, which in turn, grade into marine shales with no peat. To 
this is added the effect of increased total sedimentary accumulation due to 
growth faulting. The salient features of the depositional setting are 
depicted in Figure 12, a north-south cross section of the shallow subsurface 
in east Texas, and in Figure 13, a similar section in central Mississippi. In 
both cross sections, well-defined, lignite-poor alluvial sandstones extend 
gulfward and thin into deltaic sands, shales, and lignites. Underlying and 
overlying the thick fluvial sands are other deltaic lignite deposits formed 
during the progradation and retreat of the alluvial sand wedge. Underlying 
the deltaic deposits are shales representing marine offshore sediments upon 
which the deltaic plain deposits were built. In both cases, the total 
sedimentary accumulation increases toward the Gulf, presumably due to growth 
faulting or other mechanisms of subsidence. 

The result of this combination of deltaic t .cies and seaward thickening 
of the sedimentary succession leads to two major characteristics of the Gulf 
Coast lignites. First, a greater number of lignites are located in the thick 
do%mdip portion of the succession, and second, because similar wedges of 
sediment make up overlying deposits, the lignite-bearing strata extend to very 
great depths beneath the surface. 
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Figure 12. Cross Section of Tertiary Lignite-Bearing Strata in a Mississippi Portion 
of ,’e Western Gulf Coast Lignite Province (See Figure 1 for location of 
this cross section.) 
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Figure 13. Cross Section of Tertiary Lignite-Bearing Strata in a Mississippi Portion 
of the F.astern Gulf Coast Lignite Province (See Figure 1 for location of 
this cross section.) 



4.3.3 Quality 

Relatively little data are available concerning the quality of the Gulf 
Cost lignites. Measurements of heating value range from about 3,000 up to 
7,000 Btu/lb, with some reports ranging as high as 9,000. In the case of the 
Eastern Interior Basin, some of this variation may result from differences in 
the depth of burial. Sulfur is sai.'. to range from less than IZ to about 
2.5Z, and reported ash values range from 5 - SOX. Under present conditions, 
this material could be used only for steam generation. 


4.3.4 Mining 

The lignite resources of the Gulf Coastal Plain are virtually 
untouched. In the early 1900* s, there was some experimentation with lignite 
as locomotive fuel, but this was not successful. At present, there is 
substantial surface mining in Texas, and development could extend into other 
areas. There has been no underground mining, and in view of the poorly 
consolidated character of the sediments overlying and underlying the lignites, 
it is very doubtful that any known method of underground mining could be 
applied. 


4.3.3 Lignite Resources of the Gulf Coastal Plain Province 

The Gulf Coastal Plain has long been kno«ni as a major source of 
petroleum and natural gas. Although the presence of lignite is well known, 
the characterization of these deposits and examination of their potential 
importance is a development of only the past few years. Because much of the 
subsurface data gathered in this area has been directed to petroleum and 
natural gas, and because recent data pertinent to the lignites are closely 
held, the amount of information available for estimation of the lignite 
deposits is extremely small and often of poor quality. 

As a consequence, considerable difficulties had to be overcome in 
preparing tonnage estimates. First, because standard data such as core or 
cutting records could not be obtained, the major source of information was 
geophysical logs which are not nearly as precise as cores or even outcrop 
records. Second, the geophysical response to lignite in the presence of fresh 
water is not readily interpreted, and hence, in some areas no information was 
available. As a result, in a few cases it was necessary to estimate total 
lignite by drawing an analogy with the total lignite-bearing facies in other 
areas where the , >oIogic setting is the same, but where there are better 
records. In such cases, no confidence intervals can be placed on the data, 
and they are presented as a "best guess" rather than a controlled estimate. 

The two major areas handled in this fashion are noted below: 

(1) Thickness data for shallow, subsurface Mississippi (Mississippi-I 
on Figure 13) is not available, and so data from the geologically 
similar shallow subsurface of Louisiana-I (Figure 13) are used to 
estimate tonnage. 

(2) Lignite thicknesses from the deep subsurface of Louisiana 
(Louisiana-II on Figure 13) is based on data about the deep 
subsurface of Mississippi (Mississippi-11 on Figure 13). 
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Under these circtmstances , it is not possible to subdivide the Gulf 
Const Lignite Province on the basis of lignite thickness. Consequently, the 
major subdivisions of the region shown on Figure 14, 15, and 16 are based 
primarily on depth below the surface of the lignite-bearing strata, and on 
units of convenient measureswnt size. Tonnage estimates for these areas are 
shown on Tables A-22 through A-30. 

To prepare these estimates, data from only the Wilcox formation were 
used. As indicated above, lignites and peats are known to occur throughout 
the Gulf Coast succession, ranging from the late Cretaceous deposits in Texas, 
through the Holocene of Louisiana. Of these, the Eocene Wilcox is the only 
unit from which data are consistently available, and at the sasw time, it is 
the formation idiich probably contains the largest single body of resources. 

It appears reasonably certain that all other lignite-bearing formations 
combined would not exceed the total for the Wilcox, and would probably contain 
no more than 30Z of the Wilcox tonnage. 

Analysis based on the approximations described above indicate that the 
total and remaining resources of the Gulf Coast Lignite Province aggregate 
about 3,800 billion tons (see Table 10). Of this total, approximately 400 
billion tons or about lOZ is judged to occur within 500 ft of the surface, and 
1,500 billion tons or 40Z lie 500 - 2000 ft below the surface. Resources 
below 2000 ft are estimated to be 1,900 billion tonS; or about 50Z of the 
total. Clearly, utilization of these deeply buried resources would require 
mining technology substantially different from any known today. 


4.4 HIGH PLAINS LIGNITE PROVINCE 


4.4.1 Extent 

The coal region designated as the High Plains Lignite Province includes 
a substantial area of western North Dakota and eastern Montana, with 
extensions into northwestern South Dakota and northeastern Wyoming. 
Geologically, this area is an eastward extension of the Rocky Mountain 
province which it adjoins, but because most of the coal is of lignite grade, 
it is considered a separate province (see Figure 1). 


4.4.2 Geology 

The structure of the High Plains lignites is extremely simple, with 
very gentle dips westward in the east side of the basin, and eastward, in the 
west side. The deposits are virtually flat-lying (dips less than 1^), and 
there are no displacement faults or igneous intrusions. The northern part of 
the area lying in North Dakota and Montana, like the Carboniferous Interior 
Basins, is blanketed by a mantle of glacial deposits. The rocks in which the 
lignites occur are very similar in character to those of the Gulf Coast and to 
adjoining poi .ions of the Rocky Mountain Province. In the High Plains, 
lignites occur in early Tertiary (Eocene and Paleocene) deltaic or shoreline 
deposits of the Fort Union Formation, which overlies a major marine shale 
unit. The principal difference is that the lignite-bearing succession is much 
thinner (1000 ft) thar in the Gulf Coast, and so these lignites are rarely 
found at depths greater than 2000 ft. 
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lEXAS i 


Location of Areas of Resource Estimation for the Texas 
Portion of the Gulf Coast Lignite Province (Area 
designated "Texas 1" indicates relatively thin 
lignite; "Texas TI" are areas where lignite is 
relatively thick. See Tables A-2? and A-23 for 
resources in each area.^ 


Figure 14 
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Figure 16. Location of Areas of Resource Estimation for the Alabama Portion of the Gulf Coast 
Lignite Province (Areas designated "Alabama I" indicate relatively thin lignite; 
"Alabama II" are areas where lignite is relatively thick. See Tables A-29 and 
A-30 for resources in each area. y 
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4.4.3 Quality 


Heating values range from a low of 6600 to a high of 8400 Btu/lb. This 
range is smaller than the variation exhibited by the Gulf Coast lignites, 
probably because of a more uniform depth of burial. Sulfur is reported to be 
low, ranging from 0.3 - 1.9Z, with an average of l.SZ. Ash content is 
reported ranging from 3.7 - 12. 7Z, with a mean of about 7.0Z. 


4.4.4 Mining 

Initially, the High Plains lignites were used for domestic purposes, 
but towards the turn of the century, a few small mines were opened for 
locomotive fuel. Although drift and vertical shaft mines have been attempted 
in the past, only surface methods are now being employed; the unconsolidated 
character of the sediments enclosing the lignite makes ground control very 
difficult in underground mining. 


4.4.5 Lignite Resources of the High Plains Province 

Total original resources of the High Plains are of the order of 600 
billion tons, or about 15Z of the amount found in the Gulf Coastal region. 
However, nearly 97X of the High Plains Lignite is found within 2000 ft of the 
surface, compared to 51Z in the Gulf Coast (see Tables 11 and A-31). Since 
there appears to be no preferential areal distribution of lignite thickness in 
the High Plains Province, the blocks High Plains-I and High Plains-ll on 
Figure 17 reflect merely differing degrees of erosion of the lignite-bearing 
formation. High Plains-I includes areas in which the lignite-bearing 
formation is partially eroded, and hence, has a smaller total thickness of 
lignite than High Plains-II, in which the lignites are predominantly in the 
subsurface. Estimates for these areas are on Tables A-32 and A-33. 

Because the amount of mining has been minimal, the remaining resources 
are essentially the same as the original tonnage (see Table 11). Of the 600 
billion tons, most lies within 2000 ft of the surface and, of this, lOZ occurs 
in seams 50 - 15 ft thick, and 65Z in seams 15 ft - 42 in. thick. About 20Z 
is in thinner beds, and only about lOZ lies within 500 ft of the surface. 


4.5 ROCKY MOUNTAIN PROVINCE 


4.5.1 Extent 

The Rocky Mountain Province is one of the largest of the U.S. coal 
provinces, both in terms of area and total resource tonnage. Unlike the other 
provinces, in which the coal fields overlap or closely adjoin one another, 
most of the basins of the Rocky Mountain Province are widely separated and 
readily identifiable as individual basins. The basins selected for this study 
include the Black Mesa and San Juan Fields of northern Arizona, northern New 
Mexico, and southern Colorado; the Alton-Kaiparowits Basins of southern Utah; 
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Figure 17. Location of Areas of Resource Estimation in the High 
Plains Lignite Province (In the area designated "High 
Plains 1", the lignite-bearing formation is partially 
eroded; in "High Plains II" t the full sequence is 
present . See Tables A-32 and A-33 for resources in 
each area and Table A-31 for total resources.) 
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the Rtton Basin of southern Colorado and New Mexico; the Denver Basin of 
central Colorado; the Piceance-Uinta Basin of western Colorado and eastern 
Utah; the Green River Basin of central and western Wyoming; and the Powder 
River, Wind River, Big Horn, and Bull Mountain Basins of western Wyoming and 
southeastern Montana (see Figure 1). Smaller coal-bearing areas in North and 
South Park, Colorado, and the Blackfoot-Valier area of north central Montana 
have been excluded from detailed study because of very sparse data and small 
resource potential. 


4.5.2 Geology 

Within the general context of isolated coal basins separated by 
prominent areas of uplift, the character of the Rocky Mountain Basins is 
relatively diverse with respect to structural attitude (dip of the seams), 
displacement faulting, and depth of burial. In most Rocky Mountain Basins, 
dips on one side of the basin usually are greater than those on the other and, 
in a very general way, dips in the western basins are greater than those in 
the eastern part of the province. For example, in the basins of central Utah 
and Wyoming, dips on the steep flank exceed 70°, whereas, those on the 
gentle flank may be as low as 10°. In contrast, the steep flank of the 
Denver and Raton Basins in central Colorado and north central New Mexico dip 
on the order of 45°, whereas, the gentle flanks in some places dip only a 
few degrees. Dips nearer the centers of the basins are generally much more 
gentle that those on the basin flanks. 

Although vertical displacement faulting is found everywhere in the 
province, it appears to be store intense on the steep margins of the basins, 
and as a rule, is more intense in the western basins than in those of the 
eastern part of the province. For example, the Wasatch and the western Green 
River Basins are commonly cut by major displacement faul'ts, but such features 
are relatively rare in the Powder River Basin. Igneous intrusions are common 
but not abundant features of all Rocky Mountain Basins, with more intrusions 
occurring in the Alton-Kolob, Raton, and Piceance III-A areas. 

Finally, the deeply buried character of the coal in the center of most 
of these basins appears to be a result of the structural history of the 
province. The major uplifts which now separate the basins developed in late 
Cretaceous and Tertiary time, and the material eroded from these highlands 
filled the adjoining basins with great thicknesses of sediment. Hence, in 
most basins the major coal seams of the late Cretaceous and early Tertiary are 
deeply buried under a mantle of younger debris. 

The basic pattern of coal distribution within the basins of the Rocky 
Mountain Province is very similar to that of the Gulf Coastal Plain (compare 
Figures 18 and 19 with Figures 12 and 13). In a landward direction (the left 
side of Figure 18), the sediments are alluvial fan and alluvial plain deposits 
with little or no coal. These sediments grade seaward (toward the right on 
the section) into alluvial deposits with some thin coal seams, which develop 
laterally into thick seams that accumulated on the ancient shore line. 

Seaward of this zone of thick coal accumulation are sandstones of delta front 
and/or barrier origin, which grade laterally into dark-colored marine shales. 



Cross Section of Cretaceous and Tertiary Coal-Bearing Strata in a Sou 
Direction Across the Rocky Mountain Province (See Figure 1 for locati 
this cross section.) 



'he present arrengeaenc of the coal aeaaa in the Rocky Mount««.in 
Province arises froa the distribution of the facies described above, in 
response to the influences of subsidence and sediaent supply. The general 
pattern in the province is one of progradation froa south to north and froa 
vest to east (see Figures 18 and H), vhich indicates that sediaent vas 
derived froa the south and vest, and that sediaentation rates exceeded 
subsidence. This progradation yields an overall sequence vith aarine shales 
in the lover part, grading upvard into delta front and shoreline sandstones 
vhich are overlain by thick coal seams. These thick coals are overlain by 
thinrer seaas of the alluvial plain and are folloved, in turn, by 
noncoal -bearing r'luvial plain and alluvial fun deposits. 

This general progradational sequence is interrupted periodically by 
marine transgression. (Note the Levis shale in the central part of Figure 18, 
and the intertonguing of Mancos shale vith the Messverde Formation on the left 
of Figure 18.) These interruptions vere caused by subsidence in excess of 
sediment supply, and resulted in a reversal of the normal coal-bearing 
sequence, vith shoreline coals overlain by fine-grained marine deposits. This 
overlapping of coals by aarine or brackish vater strata can lead to a 
deterioration in coal quality similar to that noted in the Carboniferous 
Interior Basins. 

The interaction betveen sedimentation and subsidence yields substantial 
differences in total coal accumulation in different parts of the Rocky 
Mountain Province. In general, excess sedimentation leads to progradation, 
and excess subsidence is manifest by transgression. Thus, if there is a near 
balance betveen subsidence and sediment supply and if the supply of sediment 
is large (as, for example, in the Dakota and Mesaverde coals on the %#estern 
side of Figure 19), sones of shoreline coals are stacked upon one another vith 
intervening marine shales. Hovever, the sedimentation race vhich produced 
these particular formations vas so great that these coals are relatively thin 
and not videspread. In contrast, a near balance of sedimentation and 
subsidence in absence of major sedimentary influx (such as in Che Pover River 
Basin of Wyoming), resulted in coals of the order of 100 ft thick, virtually 
unbroken by layers of other sediment. 


4.5.3 Quality 

The quality of Che coal in the Rocky Mountain Province varies from 
bituminous Co lignite, vf.ch most seams being of subbituminous rank. The coals 
of the Dakota group commonly range from 9,000 - 14,000 Btu/lb and are 
predominately bitiiminous. The Mesaverde coals range from 8,000 - 14,000 
Bt-j/lb, depending on the area. The coals of the Povder River Basin are mainly 
lov rank subbituminous, vith heating values of 7,000 - 9,000 Btu/lb, vhereas, 
Chose of the Green River and Uinta are mainly subbituminous to bituminous vith 
an energy content of 8,000 - 14,400 Btu/lb. Values of 6,500 - 7,500 Etu/lb 
are repotted in parts of the Denver Basin, indicating coals of lignite rank. 

In general, rank decreases from bituminous to subbituminous and lignite from 
west to east across Che province, but this trend is interrupted in places 
where the coal is deeply buried, metamorphosed, or strongly deformed. 



The sulfu?^ content of the coal la usually very low coapared to Appalachian and 
Interior coals, with a range of 0.4 - S.8% and an average that is below 2. OX. 
The ash content varies froai 3 - 5X and averages about lOX. More specific 
quality information will be presented in conjunction with the resource 
estimates for each coal-bearing region. 


4.5.4 Mining 

Major production of coal in the Rocky Mountain Province began with the 
construction of the western railroads, and production was maintained at a high 
level until steam-powered locomotives were replaced by diesel engines. In 
response to the energy crisis of the 1970* s, production has resumed to serve 
the utility isarKet, and mine mouth power plants have been introduced to reduce 
transportation costs. Currently, the province is undergoing a period of 
intense exploration and development. 

During the early part of this century, underground mining was conducted 
by conventional methods. At present, mining companies are utilizing 
conventional, continuous, longwall, and surface mining methods, with 
conventional methods being replaced by continuous and longwall mining. Strip 
mining is being conducted in areas where coal lies near the surface and where 
the dips are gentle. In many areas, however, the steep dips and concomitant 
increase in depth of cover reduce the potential for surface mining. There 
have also been a few in-situ combustion experiments in this area. 


4.5.5 Identification of Coal Resource Districts in the Rocky 

Mountain Province 

Because the Rocky Mountain Province is composed of geographically 
isolated basins, some quite distinct geologically, and because the total 
tonnage is so large, the province is divided into four districts for purposes 
of detailed resource estimation. Although the districts are based primarily 
on geographic proximity of the basins, jhey are also to some degree homogenous 
with respect to geology and rank of the coal. The first of these districts, 
designated the Southwest District, includes the San Juan Basin of northwestern 
New Mexico and southwestern Colorado, the Black Mesa Basin of Arizona, and 
three small fields in south central Utah — the Henry Mountains, Kaiparowits, 
and Kolob-Alton Fields (see Figure 1). 

Directly north of the Southwest District is a group of coal basins 
which are designated the West Central District. This district includes the 
Wasatch and adjoining Emery and Uinta areas of east central Utah, and the 
Piceance Basin of northwestern Colorado. The West Central District also 
includes the very large Green River Basin located in southwestern Wyoming and 
northwestern Colorado, is well as the nuch smaller Hanna-Carbon area located 
just to the east. 

Lying to the northeast of the basins comp*isi.ng the West Central 
District are a series of coal basins which make up the Northern District. 

These include the Wind River and Big Horn of Wyoming, the very large Powder 
Rivei Basin in northeastern Wyoming and southeastern Montana, and the Bull 


w 
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Mountain area of southeastern tfontana. The northeastern portion of the Powder 
River Basin is arbitrarily separated from the adjoining High Plains Lignite 
Province on the basis of coal rank. In the Powder River area, the coal is 
mainly subbituminous in contrast to coals of lignite rank in the High Plains 
Province . 

The last district of the Rocky Mountain Province includes the Denver 
Basin of east central Colorado, and the Raton Basin of south central Colorado 
and north central New Mexico. Because of the proximity of these basins to the 
Front Range of the Rockies, they are designated the Front Range District. 


4.5.6 Coal Resources of the Southwest District 

Although the Southwest District contains only about lOZ of the nearly 
2200 billion tons of the total coal resources of the Rocky Mountain Province 
(Table A- 34), it is geologically unique in that it contains some of the oldest 
coal seams in the Province. As shown on Figure 18, the coals of this region 
include those of the Dakota Formation as well as some of the oldest coals of 
the regressive Mesaverde Formation. The bulk of the resource is subbitumi- 
nous, but the coals of the westernmost basins are bituminous, and some of the 
seams in the eastern approachep >' ? of lignite rank. Most analyses show 
sulfur content of less than IZ, ^ w some coals range upward to 3Z. Ash 
content is high, averaging 10 - 15Z. The coal basins of the Southwest 
District are illustrated on Figure 20, and resource estimates for each of the 
basins studied are given on Tables A-34 through A-43. 

The Kolob-Alton area is one of the smallest fields of the Southwest 
District, with an estimated 15 billion tons. All of this coal lies 
in the Dakota formation, over half occurring at depths greater than 2000 ft 
(Table .i-35). Reported sulfur content ranges up to 5Z, which is very high for 
the Rocky Mountain area. As is common for this province, most coal is 15 ft - 
42 in. thick. 

Directly adjoining the Kolob-Alton area on the east is the Kaiparowits 
Plateau, which contains both Dakota and Mesaverde coals (see Table A-36). 

Total coal resources are over twice those of the Kolob-Alton area, and 
analyses of both ash and sulfur content suggest a better quality. Most of the 
Kaiparowits coal occurs at depths of less than 2000 ft and occurs in seams 
15 ft - 42 in. 

Just to the northeast of Kaiparowits is the Henry Mountains Field (see 
Figure 20), with very small resources (see Table A-37). The Henry Mountains 
coals occur in both the Dakota and Mesaverde formations and exhibit quality, 
seam thickness, and depth of cover similar to the Kaiparowits seams. 

Lying to the southeast of the Alton-Kolob, Kaiparowits, and Henry 
Mountains fields is the Black Mesa area of northwestern Arizona, which 
contains 50 billion tone of coal, a quantity cooparable in size to the 
aggregate resources of the three fields previously described. The tonnages 
are about equally distributed between the Dakota and Mesaverde formations 
(Tables A-38, A--39, and A-40), and are all buried under less than 2000 ft if 
cover. Most of these coals are in the 15 ft - 42 in. thickness category. 
Sulfur content is relatively low, but ash content runs as high as 50Z in some 
samples. Heating values range from 12,000 down to 5,000 Btu/ib. 
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The San Juan Basin is the largest in the Southwestern District and 
contains nearly two-thirds of the district's resources (Table A-41). Although 
Bost of the coal is in the Mesaverde formation (aainly in the northeastern 
part of the district), soae coal is in the Dakota. Of the total of 180 

billion tons, well over half occurs at depths of less than 2000 ft, and over 

half of this tonnage is in the 15 ft - 42 in. thickness category (Table 

A-41). The reported sulfur content of the coal is less than IZ, but the ash 

ranges from 15 - 20Z. Heating values of 8000 - 10000 Btu/lb place most of the 
coal in the subbitusinous rank. Tonnage estinates for the San Juan Basin were 
prepared in two parts — San Juan I and San Juan II (Tables A-42 and A-43 and 
Figure 20). In San Juan I, the coal-bearing foraation is almost completely 
buried, and hence, the full thickness of the coal-bearing rocks is preserved. 
In San Juan II, the coal-bearing formation lies at or near the surface, so 
only a portion of the original coal remains. 

Original and remaining resources of the Southwestern District are shown 
on Table 12. The calculation of mined or lost-iii-mining tonnages, assumes 
that recovery averaged 45Z, and that all of the previous production came from 
seams 50 - 15 ft and 15 ft - 42 in. thick. The amount mined or lost in mining 
is t-ivial in comparison to the original resource. Of the remaining resource 
"f nearly 300 billion tons, about 60Z occurs at depths of less than 2000 ft, 
30Z lies more deeply buried, and about lOZ occurs in areas where displacement 
faulting or igneous intrusion would be an impediment to mining. In areas 
under shallow cover (2000 ft or less), nearly 75Z of the resources are 
reported to occur in beds thicker than 42 in. One must bear in mind, however, 
that thinner seams are not considered to be mineable and, hence, often go 
unreported. 


4.5.7 Resources of the West Central District 

The West Central District is the largest of the Rocky Mountain 
districts and contains about half of the total resources in the province. 
Geologically, the region is fairly complex, being composed of older Mesaverde 
and some Dakota coals in the Wasatch and Emery areas, somewhat younger 
Mesaverde coals in the Uinta and Piceance Basins, both younger and youngest 
Mesaverde coals in the Green River Basin, and Tertiary coals in the 
Hanna-Carbon area (see Figures 19 and 21). The rank of the coal varies from 
predominantly bituminous in the Emery, Wasatch, Uinta, and Piceance Basins, to 
subbituminous in the Green River and Hanna-Carbon areas. Sulfur content 
probably averages about IZ but ranges up to 5Z, and ash is probably less than 
10%. Most resources are reported to occur in beds 15 ft - 42 in. thick, and 
nearly 80% are found in areas with more than 2000 ft of overburden (see 
Table A-44). 

The Emery area — the smallest part of the West Central District — is 
rn extension of the Wasatch Plateau Field in which a much greater area of the 
coal -b aring formations has been eroded, yielding a substantially reduced 
total ;oal thickness. Total resources are estimated at about 20 billion tons, 
or about 1% of the total resource of the West Central District (see Table 
A-45 ) . 
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The Wesatch Field adjoins the Baery area directly to the north and 
is soeievhat larger in area (Figure 21). It is characterised by much 
greater total coal thicknesses, with so«e of the resources occurring in 
beds greater than IS ft thick (see Table A-^46). Heating values range froa 
11,700 - 12,800 Btu/lb, and both sulfur and ash are reported to be low. Like 
aost other Rocky Mountain Basins, a large proportion of the resources lie 
under aore than 2000 ft of cover. 

The Uinta Basin (Figure 21) directly adjoins the Wasatch area on the 
east, but because the rate of prugradation of the Mesaverde shoreline systea 
was relatively rapid, the total coal thickness is substantially less. Like 
the Eaery and Wasatch Fields, the coal is ranked as bituainous with slightly 
lower values of Btu/lb, and soaewhat higher s«.lfur and ash content. The total 
coal resources of Uirta Basin are estiaated to be lower than the tonnage in 
the Wasatch Field (see Table A-47). 

The Piceance Basin, %dtich lies directly east of the Uinta Basin, 
contains slightly less than twice the total resources of the Uinta, Wasatch, 
and Eaery Fields combined, the coal being of siailar quality. Its resources 
are concentrated in seams thicker than 42 in., and a large proportion of the 
tonnage occurs at depths greater than 2000 ft (Tables A-48 to A-52 and Figure 
21.) Substantial parts of the coal-bearing strata have been eroded in both 
piceance I and III-A, and hence, the total coal tonnages in these two areas 
are somewhat smaller than the tonnage in Piceance II and li;.-B. The total 
coal thicknesses in the t«ro latter areas are very large as a result of the 
stabilization of the prograding Mesaverde shoreline, and thu accumulation of 
thick shoreline peat deposits. 

The Green River Basin is the largest field in the West Central 
District, containing 800 billion tons or about 70Z of the district's 
resources. The rank of the coal in the area is, however, jainly subbituminous 
with a heating value of 8,000 - 12,000 Btu/lb (see Figure 21 and Table A-53). 
Ash and sulfur content are similar to other coals in this district. Much of 
the coal is very deeply buried, with about 70Z lying at depths greater than 
4000 ft. (Because limited data permitted a projection of coal thicknesses 
into only half of the deep subsurface area, this is probably a low estimate.) 

The Green River Basin is unique in that the major coal-forming 

shoreline environments occur twice in the rock sequence. As shown on '‘figures 

18 and 19, Mesaverde coals %#ere formed by shoreline progradation over the 
thick Mancos marine shale. Marine transgression (represented by the Lewis 
shale) follo%red deposition of these coals, and a second, younger set of coals 
was deposited as a consequence of subsequent detrital progradation over the 
Lewis marine deposits. 

The Hanna-Carbon Basin lies to the east of the Green River area (Figure 

21), and the coals within it range in age from latest Cretaceous to earliest 

Tertiary. Total resources are small relative tc the Green River, but the coal 
quality is generally comparable (Table A-54). A relatively large portion of 
the resources is in seams greater than IS ft thick and under less than 2000 ft 
of covjr. 
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Figure 21. Location of Areas of Resource Estimation for the West Central 
District of the Rocky Mountain Province. (See Tables A-45 to 
A-47, A-53, and A-5A for resources in the Enerv, Wasatch, Uinta, 
Green River and Hanna-Carbon areas, respectively. See Table A-AR 
for total resources in the Piceance area and Tables A-49 and A-51 
— "Piceance I" and "Piceance III-A", respectively — where the 
co?l-bearing formations are partially eroded. See Tables A-50 and 
A _52 — "Piceance II" and "III-B", respectively — for areas where 
the full sequence of the coal bearing formations nre present, and 
Table A-44 for total resources for the district.) 
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Original and reaaining raaourcea of the West Central District are shown 
on Table 13. In the calculation of remaining resources » it is assuned that 
recovery has not exceeded 45Z| that mining has not extended balow 2000 fty and 
that two-thirds of the resource was derived from seams at least 42 in. thick. 
These assumptions imply that only 1.5 billion tons have been mined or lost in 
mining. Of the remaining tonnage, it is estimated that about 80Z occurs at 
depths from which the coal is not readily extractable, and about 5Z occurs in 
areas where steep dip, displacement faulting, or intrusion will impede 
extraction (Table 13). The remaining 15Z of the resource appears to be 
concentrated in seams thicker than 42 in., but these data may be biased 
because thin seams are not often recorded. 


4.5.8 Resources of the Northern District 

The Northern District contains about one-third of the total resources 
in the Rocky Mountain Province (Table A-55). The coal-bearing basins of this 
region are shown on Figure 22. Geologically, the region is relatively simple, 
containing late Cretaceous and early Tertiary coals of the Mesaverde, Lance, 
and Fort Union Formations — a pattern similar to the Hanna-Carbon Fields of 
the West Central Province and the basins of the High Plains Lignite Province. 
The rank of these coals varies from bituminous to lignite, but most of the 
resource is subbituminous. Reported sulfur content ranges up to about 2Z, but 
is probably IZ or less for most seams. The ash content varies considerably, 
and may range as high as SOZ for some coals. Many of the seams are very 
thick, with about 30Z of the tonnage attributed to seams thicker than 15 ft. 

In contrast to other districts in the Rocky Mountain Province, about one-third 
of the total tonnage occurs within 2000 ft of the surface, and slightly less 
than lOZ lies within 500 ft of the surface. 

The Wind River Basin is one of the smaller basins in the Northern 
District, and is located in the southwestern part, about 30 mi from the 
Hanna-Carbon Field. The total coal thicknesses are rather moderate for the 
Northern District as a whole, and some of the coal is of* lignite grade. In 
some respects, the Wind River Basin is similar to other Rocky Mountain basins, 
with sulfur content ranging downward from 2Z, ash running about lOZ, and 
resources being concentrated in the 15 ft - 42 in. thickness category. Most 
of the coal occurs at depths greater than 2000 ft. Little tonnage occurs in 
beds dipping more than 15°, and much of the coal is under shallow cover 
(Table A-56). 

The Big Horn Basin lies just to the north of the Wind River area and 
has a similar geologic setting. However, the total resources are 
substantially larger, as a result of both greater area and greater thickness 
of coal (see Table A-57 and Figure 22). Approximately 80Z of the tonnage lies 
bf^.ne..vh 2000 ft of cover and can be regarded as an important resource under 
present mining constraints. 

The Bull Mountain Basin, a "ery small area lying just to the north of 
the Big Horn Basin, has total resources amounting to 11 bil'.ion tons (see 
Figure 22 and Table A-58). A substantial portion of these coals occur at 
depths less than 500 ft, and all lie within 2000 ft of the surface. All seams 
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Table 13. Original and Remaining »lesources of the West Central 



72 



rAG^ 

Of POOrt QUALITY 



Figure 22. Location of Areas of Resource Estimation for the Northern District 
of the Rocky Mountain Province (See Tables A-56 and A-57 for 
resources in the Wind River and Big Horn areas and Table A-58 for 
total resources of the Bull Mountain area. Tables A~59 and A~60 
show, respectively, resources for "Bull Mountain 1' where the^ 
coal-bearing formations are pa*-tially eroded and "Bull Mountain 
II" where the full coal-bearing sequence is present. Table A-61 
shows total resources for the Powder River area, and Tables A-62 
and A-63 show, respectively, resources for "Powder Rivet II" where 
the coal is thicker and the full sequence is present. Table A-5'i 
shows total resources for the district.) 
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dip lest than 15°, and about 40Z of the roaourcas ara in saaaa froa 15 ft • ^ 

42 in. thick. These coals ara siainXy bitualaous with a sulfur content sinilar 
to other Rocky Mountain coals, but the ash percentage ia probably soaewhat 
higher. The »jull Mountain Basin is subdivided into two areas -- Bull Mountain 
I and Bull Mountain II ~ based priaarily on degree of preservation of the 
coal-bearing foraations. In Bull Mountain II, nearly the full thickness of 
the foraation is preserved, whereas in Bull Mountain 1, the f onset ion is 
partly eroded (Tables A- 59 and A-60). 

The Powder River Basin contains nearly 90X of the resources in the 
Northern District , and accounts for alaost 30* of the resources in the entire 
Rocky Mountain Province (Table A-61 and Figure 22). These coals are aainly of 
Tertiary age (Paleocene), and aost of the seaas are subbltuainous. Sulfur 
content averages about IZ for the region, and ash content is reported to be 
rather low. Dips of the coal-bearing units are uniformly aoderate. Aside 
from the OMjor concentration of resources here, the aost noteworthy feature^ 
of the Powder River Basin are that about 40% of the resources lie within 2000 
ft of the surface, and that about one-third of these coals occur in seaas 
greater than 15 ft thick. 

For purposes of resource estimation, the Powder River Basin is divided 
into two parts — Powder River I and Po%»der River II (Figure 22 and Tables 
A-62 and A-63). Powder River I is characterized by thinner totsl coal as a 
result of both partial erosion of the coal-bearing foraation, and thinner 
total coal within th »2 coal-bearing unit. In Powder River II, the total coal 
thickness is very large, much of it being in very thick seams. 

Original and remaining resources of the Northern District are shown on 
Table 14. The calculation of remaining resources assumes that recovery 
averaged about 60Z, and that all mining was conducted under less than 2000 ft 
of cover in seams thicker than 28 in. These assumptions imply that less than 
1.0 billion tons have been mined or lost in mining, and that the original 
resources are essentially intact (see Table 14). Of these resources, only 
about lOZ are believed to occur under more than 4000 ft ot cover, about half 
bcJtween 2000 and 4000 ft, and less than IZ in areas that are faulted, intruded 
or steeply dipping. Slightly over one-third of the tonnage is believed to lie 
within 2000 ft of the surface, with most of it in beds thicker than 42 in. 

Althoui’i these characteristics suggest a major resource, the poorly coosoli- 
duted character of the interburden strata would probably restrict unlerground 
extraction. 


4.5.9 Resources of the Front Range District 

The Front Range District includes the Denver and Raton Basins which lie 
on the east flanx of the Front Range of the Rocky Mountains. Total resources 
are small, amounting to only about 5Z of the aggregate tonnage in the Rocky 
Mountain Province (T«ble A-64). Althorgh the two basins have the same general 
geologic setting, they are quite different in other respects. The coals of 
the Raton Basin are Cretaceous in age (Mesaverde), and thus, comparable to the 
San Juan Basin lying to the west. In contrast, the resources of the Denver 
Basin are late Cretaceous and early Tertiary, and hence, similar to the coals 
of the Powder River Basin to the north. Sulfur content is reported to 
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Table 14. Original 
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be about IZ in both basina, but aah appears to be aomewhat higher in the Raton « 

Field. There is also a najor difference in rank. Seams of the Denver Pasin 
are lignite and subbituminous coals, ranging from 6,500 ~ 9,700 Btu/lb, 
whereas, the Raton seams are bituminous with a heating value of about 1?.,000 
Btu/lb (Tables A-65 to A-70). 

Resources of the Denver Basin are estimated in two blocks — Denver I 
and Denver II, based on the rank of the coal, (see Tables A-65 to A-67, and 
Figure 23). In Denver I the rank is subbit\iminous , but in Denver II the rank 
is mostly lignite. In other respects, however, the two parts of the basin are 
quite similar. The major resources occur in seams with low dips; few seams 
are faulted or intruded; most of the coals are above 2000 ft; and both blocks 
have about the same amount of tonnage in seams 15 ft - 42 in. thick. 

Resources of the Raton Basin are estimated to be only about half those 
of the Denver Basin (Table A^SS). For purposes of resource estimation, this 
field is also divided into two blocks — Raton I and Raton II (see Tables A-69 
and A-70 and Figure 23). Raton I is similar in some respects to other Rocky 
Mountain bituminous basins, with shallow dips and a greater percentage of 
tonnage in seams IS ft - 42 in. thick. Raton II has all of its resources in 
seams which dip less than 15^ and lie under less than 500 ft of cover. 

Original and remaining resources of the Front Range District are shown 
on Table 15. Estimation of the remaining resources of the Front Range 
Province assumes that recovery was on the order of 45Z, and that mining was 
conducted in seams greater than 28 in. thick at depths less than 2000 ft. 

Application of these assumptions to the original resource of 90 billion tons 
indicates that about IZ has been mined or lost in mining (Table 15). Of the 
remaining resources, 20Z occur in beds that are steeply dipping, faulted, or 
intruded. Nearly 60Z of these coals lie within 2000 ft of the surface, and 
many seams are reported to be rather thick. 


4.5.10 SuDvnary of Original and Remaining Resources in the Rocky Mountain 
Province 

The Rocky Mountain Province clearly emerges as one of the major 
resource areas of the U.S., with roughly 2.2 trillion tons, or about 20Z of 
the entire U.S. coal resources (see Tables A-71 and 16). Areas of steep dip, 
displacement faulting or igneous intrusion account for only a minor proportion 
of the total resources. However, there is some tendency for steep dips to be 
associated with seams lying on the basin margins under shallow cover. About 
two-thirds of the total resource occurs in ar«.<\8 ^here the coal is buried 
under more than 2000 ft of cover, and most of this :'s probably beyond the 
limit of extraction as it is now practicea in the t'.r. Of the remaii'ing 
one-third of the tonnage, probably criy a fraction can be mined by underground 
methods because of physical weakness of the inteihuiden materials. Of the 
resources under less than 2000 ft of cover, howi- ;er, a very large proportion 
appears to occur in beds thicker than 42 in., with a quarter of the tonnage 
occurring in beds thicker than 15 ft. Such thicknesses make surface mining 
attractive, and also favor hi‘;h productivity in underground mining where roof 
and floor conditions permit. 
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Figure 23. Location of Areas of Resource Estimation for the Front Range 

District of the Rocky Mountain Province (See Table A-65 for total 
resources in the Denver Basin areo and Tables A-66 and A-67 for 
areas "Denver I" where the rank of coal is aabbituminous , and 
"Denver II" where the rank is lignite. See Table A-68 for total 
resources for the Raton Area, and Tables A-69 and A-70 for areas 
"Raton I" where the coal seams are gently dipping and where a 
great percentage of tonna-’» occurs in seams 15 ft - U'l in. and 
"Raton II" in wliich the coal is gently dipping and has an 
overburden of less than 500 ft. Table A-64 shows resources f .r 
the district.) 
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Much of the Rocky Mountain coal la hi^-volatile bituainoua and 
aubbituiiinous with a low sulfur content » which Mkes it attractive for steau 
generation. In som areas* nsh content is high and could conceivably present 
waste disposal probleas at power plants where space is restricted. 


4.6 MORTR ALASKA PROVINCE 


4.6*1 Extent 

The North Alaska Province extends frosi western^st Alaska north of the 
Brooks Range to Barter Island in the northeastern part of the state (see 
Figures 1 and 24). The entire area lies north of the Arctic Circle. 


4.6.2 Geology 

Data necessary for geological study of the North Alaska Province are 
very sparse cowpared with other coal-bearing areas of the U.S. Discovery of 
oil and gas has led to sowe deep drilling* but very little detailed 
inforwation is available for the study of coal resources. The general pattern 
of sediaentation and coal occurrence in North Alaska appears to be quite 
similar to that of the Rocky Mountain Province. In fact* the two provinces 
are probably related parts of a broad depositional structure which extends 
over the length of the North ‘American continent* with intervening portions 
represented by the coals fields of the Canadian Rocky Mountains. The general 
depositional pattern of the coal-bearing formations is illustrated in 
Figure 23. Progradation appears to have been in a general northeastward 
direction, with major coals being formed in the shoreline position between a 
fluvio-deltaic sandstone facies on the southwest, and an offshore marine shale 
facies on the northeast. There were two major episodes of progradation, with 
the older represented by the Chandler Formation and the younger by the Prince 
Creek, both of %rhich are late Cretaceous in age. There is some indication 
that Tertiary coals similar to those in the southern Rockies also occur here, 
but the available data are too insubstantial for inclusion in this report. 

The general structure of the North Alaska Province appears to be 
relatively simple. Along the southwest edge, there are some broad open folds, 
exhibiting dips of less than 13^. To the northeast, these folds appear to 
die out, and the result is a gentle, uniform northeastward dip. Data are 
insufficient to define major areas impacted by either displacement faulting or 
igneous intrusion. 


4.6.3 Coal Quality and Mining 

Analytical data are not sufficient to indicate precise values for 
energy content, percent sulfur, and percent ash for the coals of the North 
Alaska Province, but it is probable that the coal is of subbituminous to 
bituminous rank. For the purposes of this report, it is assumed that there 
has been a negligible amount of mining in the North Alaska Province. 
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Figure 24. Location of Areas of Resource Estlraatlo.-' for the North Alaska Province (This 
area Is subdivided at an enlarged scale on Mgures 26 and 27. See Table A-72 
for total resources.) 


CRETACEOUS 

LOWER UPPER 


ORIGIN.M. PAQE IS 
OF POOR QUALTPr 


SW 


NE 



(no scale intended) 


Figure 25. Cross Section of Cretaceous Coal-bearing Strata in the 
North Alaska Province (See Figure I for location of 
this cross section.) 
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4.6.4 Resources of the North Alaska Province 


k- 


Although data available for assessment of resources is extremely 
limited, it is clear that North Alaska is a major coal resource province, 
perhaps containing as much as one-third of the total U.S. coal tonnage 
(Table A-72). To estimate the resources of the North Alaska Province, the 
region was divided into four sub-provinces, in recognition of differences in 
data availability and overburden thickness. Figure 24 illustrates the four 
subprovinces, and Figures 26 and 27 show the eastern and western parts of the 
area in somewhat greater detail. Alaska I is the largest area, has the 
greatest number of data points (22), and contains resources from both the 
Chandler and Prince Creek Formations. The area of the Chandler Formation is 
shown on Figure 26, and that of the Prince Creek on Figure 27. Alaska II is 
an area of very deeply buried coal in the Chandler Formation, Information 
about Alaska III is based on a single drill hole in the Prince Creek 
Formation, which suggests a relatively siodest total coal thickness. Alaska IV 
is a region in which the coal-bearing formation is partially eroded, and only 
a small total coal thickness has been preserved. Resource estimates for each 
area are given in Tables A-73 to A-76. 

Since there has been no significant mining in the North Alaska 
Province, original and remaining resources are identical (Table 17). Although 
the province may contain as much as 30Z of th,; total U.S. resources, the 
available data indicate that only about 10*1 or about 350 billion tons lies 
under less than 2000 ft of cover. Approximately 752 appears to be in seams 
greater than 42 in. thick, of which one-third may have seam heights greater 
than 15 ft. Steepness of dip and the presence of displacement faults are not 
sufficiently well known for precise description, but at present, there is no 
evidence that these anomalies are numerous enough to create significant 
extraction problems. However, the remoteness of the area and its hostile 
environment would pose serious obstacles to resource development. 


83 







LLMl 





LEGEND 

0-2000' OVERBURDEN □ 
>1'000' OVERBURDEN 


FACIES BOUNDRIES 



Figure 27 . 


•atlon of Areas of Raaoorce F.atimatior, for the 

:;rA-n"f‘rr::orr:er'frr ;irar r:::n of 

-airoil r4*hU rT3"f^r‘"Ar.:hrnr. r„ area Of 
eply buried co«l and low data denaity.) 


85 





86 


SBGTKHI 5 


ANALYSIS OP MOLTISBAN DEPOSITS 


5.1 OBJECTIVES AND DISCUSSION OF PREVIOUS WORK 

An examination of coal- and lignite-bearing aequenceaf together with an 
appreciation for the phenomena which created theae rock aeriea, ahowa that 
atrata of coal (peat) and rock (mud or aand) commonly alternate in aucceaaive 
layeray and that the amount of noncoal material between the aeama exhibita 
conaiderable variation. The intent of thia chapter ia to add aooM preciaion 
to thia deacriptiony with the end objective being a groaa quantitative 
characteriaatiou of aiajor aiultiaeam reaource typea. Current mining practice 
auggeata that at leaat three reaource typea are worthy of attention: 

(1) laolated aeama containing more than 502 coal by weight. 

(2) laolated aeama containing leaa than 50E coal by weight. 

(3) Multiple aeama. 

An iaolated aea» ia ao called becauae it ia far enough reiaoved from adjacent 
coala above or belowy auch that removal of thia one aeam haa no material 
impact on aubaequent mining of adjacent aeama. Multiple aeama are generally 
underatood to be aeaaia which are thick enough to be mined aeparatelyy but 
cloae enough vertically auch that taking one will interfere with recovering 
the other. Quite often the rock layera in a multiaeam aequence are very thiny 
raising the possibility of mining the sequence as one unit or "seam." Current 
mining practice indicates that seams with up to 50% rock by weight can be 
mined profitably. 

Except for one previous study by Engineers International (1980)y the 
authors are not aware of any published work describing these resources in a 
quantitative fashion. The study by Engineers International (El) was devoted 
totally to describing the multiple seam resource typey and associated problems 
in exploitation; no examination was made of the resource type labeled "coal 
with rock partings." As Table 18 indicates, Engineers International estimated 
that in the aggregate, somewhat more than 502 of the demonstrated reserves may 
be classified as multiple seams, there being notable deviations from this 
figure both between and within geological provinces. Although limited to an 
estimate of multiple seam reserves, this study suggests that multiple seams 
also comprise a sizeable fraction of the aggregate coal resources, and are, by 
implication, a resource type of considerable importance to the United States. 

Because of the brief description of the methodology used by Engineers 
International, it was very difficult to assess the adequacy of their analysis. 
However, the limited treatment of geology in El's report indicated that the 
identification of multiple seam reserves was allocated a rather small portion 
of total study effort. Nevertheless, El's work provided useful preliminary 
estimates for the current study, and identified the need to explain the 
apparent variations in multiple seam stratigraphy between and within provinces. 

The data available to the current study included 932 borehole records 
and surface aections, thus permitting a much more detailed description of coal 
sequences than the map-oriented analysis conducted by El. These logs contain 
a great deal of information about both coal measure geometry and lithology. 



Table 13. Previoua Estimate of Multiple Seam Reserves by State 


Source: Economics of Multiple Seam Mining, 

Engineers International, Inc. (1980) 


(tonnage in billions) 



Total Original 
Reserves 

Multiple Seam 
Reserves 

Multiple Seam 
Percentage 

Appalachia: 

Pennsylvania 

75.1 

52.2 

69.5 

West Virginia 

116.7 

83.5 

71.6 

Virginia 

11.7 

0 

0 

Ohio 

46.6 

12.6 

24.0 

East Kentucky 

33.5 

10.4 

31.0 

Tennessee 

1.9 

1.0 

52.6 

Alabama 

13.8 

4.2 

30.4 

Province Aggregate 

299.3 

163.9 

54.7 

Interior Province: 

Illinois 

104.8 

89.0 

84.9 

Indiana 

37.3 

25.3 

67.8 

West Kentucky 

41.0 

29.3 

71.5 

Iowa 

7.2 

2.5 

34.7 

Province Aggregate 

190.3 

146.1 

76.9 

Rocky Mountains: 

Colorado 

99.3 

30.0 

30.2 

Wyoming 

33.5 

10.5 

31.3 

Utah 

39.3 

12.0 

30.5 

Province Aggregate 

172.1 

52.5 

30.5 

U.S. Aggregate 

661.7 

362.5 

54.8 
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In order to determine how to utilize these data in deacribing nultizeamt, one 
must understand the kinds of problems encountered in mining these resources. 
The bulk of this discussion will be devoted to multiple seams (as opposed to 
coal with rock partings) because it is much the more complex resource type. 


5.2 MtfLTIPLE SEAN MINING TECHNIQIIES AND ASSCX^UTED IMPACTS 

The description of multiple seam mining presented here is a condensed 
treatment of the phenomena covered by Stemple (1956)^ as summarized by 
Engineers International (1980). For simplicity of exposition, consider the 
extraction of two adjacent seams, where the intervening rock (interburden) is 
thin enough that the exploitation of one seam will interfere with the recovery 
of the other; the ideas presented below are extendable in a straightforward 
manner to operations extracting three or more contiguous coals. Stemple 
identifies three generic strategies for recovering these coals, with the 
choice of strategy depending upon (1) the overburden; (2) the lithology of the 
individual seams and the interburden (Stemple uses the term parting to denote 
interburden); and (3) the history of mining within the particular property of 
interest. These strategies are: 

(1) Overmining , that is, "mining ovvc" a seam which was previously 
removed (bottom seam first). 

(2) Underminin g, or "mining under" a previously extracted ^eam (top 
seam first). 

(3) Simultaneous mining , in which the extraction of both seams 
proceeds in parallel, with operations in one seam inevitably being 
somewhat in advance of operations in the other. 

All of these techniques are practiced with both room and pillar, and longwall 
methods, with room and pillar being more common in the United States. 


5.2.1 Overmining (Bottom Seam First) 

Overmining or taking the bottom seam first is thought to be both more 
difficult and more destructive to adjacent coals. Excavation of the lower 
seam causes caving of the immediate roof, and subsequently, subsidence of the 
overburden, which may extend all the way to the surface. Thus, at the 
minimum, overmining may encounter roof and floor fractures inherited from the 
underlying seam, greatly aggravating the hazard of rool falls. Very serious 
problems will occur under certain combinations of seam and interburden 
lithology. Whatever the mining method, removal of matorial from the lower 
seam will create stress concentrations in the overburden, often leading to 
separation of the upper seam along bedding planes. Frequently this will cause 
a roof support problem in the upper seam, particularly if the vertical 
displacement occurs precipitately. In addition, separation of the coal from 
the roof or floor can short-circuit the ventilating system, posing an 
explosion hazard. Finally, the disruption of the interburden opens pathways 
to groundwater and may, thereby, assist in keeping the floor of the upper seam 
dry, while causing flooding of the lower seam. All of these problems are made 
worse if the upper seam has a weak roof, and/or if pillars are left intact in 
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the lower eeem. On the other hand, probl«e» of uining the upper aeaa are 
moderated if the lower leam la thin relative to the interburden thickneaa, and 
if the interburden haa a favorable lithology. An example of a favorable 
lithology ia the aituatlon where the lower aeam haa an itanediate roof of 
shale, overlain by a strong aandstone; the ahale cavea readily, filling voids 
effectively, while the aaidatone acts as a beam to bridge any voids which 
remain, thus diminishing the upwnrd influences of caving. 


5.2.2 Undermining (Top Seam First) 

Undermining or taking the top seam first is conmonly regarded as posing 
fewer mining problems, and this is often the case unless the interburden is 
weak. Mere precisely, the nature of the impacts on the lower seam and 
resulting operational problems are a function o^ overburden, interburden 
thickness and strength, the composition of the roof and floor associated with 
the lower seam, and the extent of unrecot/ered pillars left in the upper seam. 
Indeed, most of the probleais encountered in taking the lower seam are 
traceable to the stress concentrations caused by pillars left in the upper 
seam. Removal of the upper seam creates a rone of rubblisation, which permits 
more of the overburden pressure to be transmitted to the strata acting as the 
main roof (load-carrying member) of the lower seam. Invariably the roof is 
weakened, leading to roof cracks (with heightened possibilities of tallr and 
water flooding), floor heaves, and rib sloughing. The composition of the roof 
and floor will determine which problems are more severe: if both the roof and 

the floor are strong, roof falls and rib sloughing are more likely; if the 
roof is strong and the floor is weak, floor heaves will be troublesome; the 
consequences of a weak roof require no explanation. As in overmining, all of 
these probleais are aggravated by a weak interburden and by partial extraction 
of the upper seam. An additional factor here ia the increased leading on the 
lower seam which results from working at greater depths. 


5.2.3 Simultaneous Mining 

Simultaneous mining or parallel extraction of both seams is practiced 
occasionally in the Unittd States, bat is fairly common abroad in conjunction 
with longwall methods. In general, the impacts are a combination of 
overmining and undermining impacts, with the particular set of problems 
(falls, heaves, flooding, etc.) being a function of which seam is "ahead." 
Here again, the thickness and composition (strength) of the interburden Is a 
key factor. 


5.3 QUANTITATIVE DESCRIPTION OF MULTISEAMS 

Clearly, the quantitative description of multiple seams is a 
challenging problem, both because the phenomena involved are complex and 
because our understanding of these pehnomena is at a very early stage in the 
United States. In the next section a preliminary, albeit crude attempt at 
quantitative characterisation of resource ^ropertie8 is made by (11 defining 
impact measures, (2) descri!/ing how these measures were applied to tl.e logs 
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available to this study | aud (3) discussing the nuaarie.il results obtained for 
coals under less than 2000 ft of cover — the seaas «ost likely to be exploited 
over the next 20 to 30 years. 


5.3.1 Quantification of Multiseam Characteristics 

As indicated in Section 5.1| multiseams may be grouped into two broad 
categories: (1) coal with rock partings, presusMbly mined as a contiguous 

unit; and (2) multiple seams, each of which is separately mineable, with some 
risk of adversely impacting adjacent seams. The coal/partings resource type 
is adequately described by the weight percentage of coal in the mineable unit 
because the expense of excavating and handling reck is the matter of primary 
concern to the operator. 

A satisfactory description of the multiple seam resource is con- 
siderably more challenging. The discussion of Section 5.2 revealed three 
important clusters of variables: 

(1) The loading upon the mined seam. 

(2) The geometry of the seams and adjacent strata. 

(3) The material properties cf the strata. 

In theory, a set of cores would provide the required elemental data, which, 
when combined with a dimensional analysis of the embedded loading problems, 
would produce nondimens ional variables that could be used directly as multiple 
seam descriptors. We are not, however, in such a fortunate position. First, 
the data available to this study are logs not cores, with a log often being a 
rather undependable description of the rock type. Indeed, a procedure for the 
una.jbiguous classification of cores has only recently been published. More- 
over, the rock types in this core book are specific to Appalachia (see Ferm 
and Weisenfluh, 1980); analysis of cores from another province would 
undoubtedly require an entirely new core book. Second, even if accurate 
descriptions of the cores were in hand, the sort of analysis outlined above 
would require measurements of material properties for each rock type. This is 
a large job which has not yet begun. Accordingly, material properties could 
not be included in the multiple seam descriptors used in this study. 

Thus, the factors that are left are geometry and loading. Stemple's 
discussion of multiple seam mining impacts revealed two geometrical measures 
— one for overmining ("upward cone of influence") and one for undermining 
("interburden beam capacity"), defined as follows: 

upward cone of influence ■ l/T 

interburden beam capacity “ D/I 

whe e I; Interburden between the seams of interest. 

T: Thickness of the subadjacent seam. 

D: Depth of overburden to bottom of superad jacent seam. 

The cone of influence parameter is well-known to mining engineers who 
routinely use this rule cf thumb to gauge impacts on a superad jacent seam. 

Some feel that the influence of the lower seam effectively stops at an (l/T) 


of IS tc *0; others would advise using a figure of 25 to !)0. In the analysis 
reportea oelow, the cut-off value was 25. Thus, two adjacent seaas were 
categorised as aultiple seans, if they exhibited an (I/T) of 25 or less; and if 
the (I/T) exceeded 25, the top seaa was labeled as isolated. 

The paraaeter called "interburden beaa capability" is not widely used in 
the mining coasunity, but is no doubt familiar to those operators who practice 
multiple seam mining. Although very simple to calculate and readily obtainable 
from a log, (D/I) could not be used in this study because the logs typically 
failed to report overburden, and there was no convenient way to estimate it 
after the fact. 


5.3.2 Description of Computational Procedure 

The discusjion of the preceding section identified two quantitative 
descriptors of multiseasm used in this study: (1) coal weight percentage for 

coal/rock resources, and (2) the zone of influence parameter (I/T) for tmiltiple 
seams. The required computations are easily done once the seams or mineable 
units are determined for each log. 

A mineable unit is defined as a contiguous seouence of coal and rock 
which begins and ends with coal (i.e., coal on the top and bottom). Examination 
of any representative set of logs reveals that there is no unambiguous way of 
dividing the log into a mutually exclusive, collectively exhaustive set of 
units, such that every seam belongs to one and only one unit. After a number of 
different schemes were explored, the following algorithm was selected for 
defining mineable units because it was simple and it produced credible results: 

(1) Select a cut-off value for the coal weight percentage in a mineable 
uait; for this purpose, 2 in. of coal was judged to weigh the same 
as 1 in. of rock (this corresMnds to a coal weight of 80 Ib/ft^ 
and rock density of 160 Ib/ft^). 

(2) Identify the uppermost seam not yet assigned to a mineable unit. 
Define this as the top coal. 

(3) Identify the lowermost seam not yet assigned to a mineable unit. 
Define this as the trial bottom coal. 

(4) Using the numerical assumptions in (1), compute the coal weight 
fraction lying between the top coal and the trial bottom coal. If 
the weight fraction exceeds the cut-off value, label all the seams 
between the top and current trial bottom coal as a new mineable 
unit, and go to (2). If the indicated weight fraction is less than 
the cut-off value, go to (5). 

(5) Redefine the trial bottom coal as the seam inmediately above the 
previous bottom coal. Go to (4). 

This sufficed to partition a log into a nonoverlapping set of mineable units. 
After the entire set of logs had been processed in this manner, the flat-lying 
coals (mineable units) within each subarea were sorted into the following 
categories, and the tonnage was estimated for each in the manner described in 
Section 3. 
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(1) Thin sens, having a nineable unit height of 14 - 28 in. 

(2) Isolated coal seaaa, having a aineable unit height in excess of 28 
in., and containing at least 75X coal by weight. 

(3) Multiple seaaM, in «diich each aineable unit exceeds 28 in., and 
has a coal weight fraction which varies froa 75 - lOOZ. 

(4) All aineable units not otherwise classified (in practice this 
category had negligibly saall tonnage). 

The results of this analysis are presented below in Section 5.3.3. 


5.3.3 Discussion of the Results 

Table 19 presents the results of the cosqnitational procedure described 
in Section 5.3.2. Note that this table focuses on the resources under less 
than 2000 ft of cover and excludes all coals that are thick, steeply dipping, 
or disturbed by faulting or igneous intrusion. The coals of Table 19 are 
subdivided into coals 14 - 28 in. thick and those 28 - 180 in. thick, with the 
latter being broken down into multiple seaas and isolated seams, each 
exhibiting two different weight percentages of coal. 

Examination of Table 19 leads to several useful generalisations about 
these five resource types. First, thin coals appear to be significant in 
Appalachia, the Interior, and portions of the Gulf Coast and the Rocky 
Mountains, but are much less important in the High Plains and North Alaska. 
However, this pattern may be an artifact of the data: in the latter three 

provinces, seams as thin as 28 in. go unrecorded in many logs because they are 
regarded as unmineable. Second, isolated seams containing less than 75Z coal 
by weight (dirty coal) are a resource of minor proportions except in the 
Warrior Basin of Appalachia, and the Piceance and Hanna-Carbon Fields of the 
Rocky Mountains, where thin seams approximate lOZ of subarea tonnage. 

Globally, dirty isolated seams appear to constitute about IZ of the national 
resources. This result, too, may be uncertain because seam measurements are 
not always made with great care, and in many cases all but the most con- 
spicuous partings are ignored. 

Third, multiple seams of 28 - 180 in. (defined as contiguous coals with 
an I/T < 25) are by far the most numerically important resource type for the 
coals under less than 2000 ft of cover. Like isolated seams, multiple seams 
where the mineable units contain at least 75Z coal are more abundant than 
sequences in which the seams contain less than 75Z coal. Moreover, multiple 
seams containing at least 75Z coal dominate isolated seams containing a 
comparable coal percentage in all subareas except Southern Appalachia and the 
Warrior Basin, where the two resource types are of approximately equal 
importance. Throughout the Interior, most of the Gulf Coast, the High Plains, 
the Rocky Mountains, and North Alaska, multiple seams typically are 1.5-3 
times more prominent than isolated seams, ranging up to 6 - 7 times more 
abuTidant for some basins in the Rocky Mountains. Examination of Table 19 
revealt' that the proportion of multiple seam resources varies considerably 
from province to province — from a low of 37Z in the Interior to a high of 
76Z in the High Plains. 
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Although there is considerable variation in the proainence of multiple seaau 
vithin a province} the Warrior Basin and the Western Interior are the only 
significant fields %ihere the multiple seam proportion drops below 30Z. 

The relatively low multiple seam proportion in the Warrior Basin} 
compared to the Gulf Coast and Rocky Mountain Provinces} may arise from the 
amnner in tdiich data are reported for the latter provinces. In all provinces 
the coal seams are clustered into coal-bearing rock units separated by thick 
layers of barren (noncoal-bearing) marine rock. (See Figures 3} 12} 13} IB, 
and 19). In the Warrior Basin} however} both barren auirine and coal-bearing 
units are recorded on the logS} idtereaS} in the Rocky Mountains and Gulf 
Coast} only the coal-bearing formations are reported because the barren rock 
units are so thick. Hence; seams at the top and bottom of the coal-bearing 
formation^ in the Warrior Basin and those thin seams lying within the barren 
units will appear as isolated seams } tdiereaS} similar beds in the Rocky 
Mountains and Gulf Coast are typically not recorded. 

The low proportion of mltiple seams in the Warrior Basin} relative to 
both the northern Appalachian and the Eastern Interior fieldS} probably 
represents a valid comparison because it is consistent with the diminishing 
thickness of the noncoal-bearing marine sequences in the Dunkard; PocohantaS} 
and Eastern Interior Basins. 

The indicated low proportion of multiple seams in the Western Interior 
BasiU} relative to the Eastern Interior} is probably a reflection of the 
diminishing thickness of coal beds westward from Illinois to Kansas. As the 
coal seams thin to 14 in. or lesS} the thickness of the intervening rock 
renders the resiainder "isolated seams." 

Variation in the proportion of multiple seams between subareas in the 
Rocky Mountains and Gulf Coast Provinces may reflect a balance between 
tectonic subsidence and sediment supply previously noted in the Rocky Mountain 
Province (see pages 60 and 63). Rapid progradation in absence of major 
sediment influx would favor the development of tabular, isolated seams, 
whereas, rapid influx of sedisient, particularly in an area of rapid 
Subsidence, would tend to produce split, multiple seams. 

Finally, upon comparing the multiple seams percentages of Table 19 with 
corresponding figures developed by Engineers International (see Table 18), one 
concludes that the two studies accord the same level of importance to this 
resource. The multiple seam percentages presented here differ somewhat from 
those reported by El; however, this is tc be expected in light of the 
differences in the methods employed. 

The findings of this analysis of multiseams may be sunmarized very 
briefly: (1) multiple seams of moderate thickness are a significant resource 

in all provinces; (2) isolated seams with less than 75Z coal appear to be a 
minor resource; (3) isolated seams containing at least 752 coal, while 
prominent, constitute only about one-half the tonnage of multiple seams; and 
(4) thin seams, of 14 - 28 in., although not as consistently prominent as 
thicker isolated coals, constitute substantial regional resources in 
Appalachia, the Interior, and parts of the Rocky Mountain Province. 
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Percentage Breakdown of Flat-Lying, Undisturbed Coal Above 
2000 ft and 14 In. - 15 ft Thick into Thin Seam, Isolated 
Seam, and Multiple Seam Resource Types 
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SECTION 6 


SUMfAST AND CONCLUSIONS 


6. 1 DESCRIPTION AND COMPARISON OF RESULTS 

A suomary of the estimated tonnage for each of the aujor U.S. coal 
provinces is given in the last two columns of Table 20, which reports an 
aggregate resource of about 11*6 trillion tons. As Table 20 iu:iicates, the 
total resources are not equally distributed. The bulk of the tonnage resides 
in the Gulf Coastal Plain and North Alaska, each having about 30Z of the 
total; approximately 20Z occurs in the Rocky Mountain Province; and the 
Appalachian P:ateau, Interior, and High Plains Provinces each account for 5 - 
7Z of the aggregate tonnage. If it is assumed that most of the resources in 
the Gulf Coast and High Plains Provinces are lignite, it is clear that lignite 
comprises about 40Z of the aggrei;ate U.S. Resources, the remaining 60Z being 
predominately subbituminous and high-volatile bituminous coal. Coals of 
higher rank occur, and a geaeral description of them is to be found in section 
2.2. However, it is felt that coals with a rank above high-volatile 
bituminous do not coaq>rist! more than about IZ of the total resources (see 
Table 1). 

Table 20 also compares the detailed estimates of this report, both with 
the preliminary estimates made in Phase I of this study and with those 
published in the 1980 Keystone Coal Industry Manual . The siost conspicuous 
feature of these data is that the 11.6 trillion ton aggregate estimate 
produced by this study is about three times greater than the other two, with 
the major differences arising from the addition of over 3.5 trillion tons each 
for the Gulf Coast and North Alaska Provinces. However, from the point of 
view of both quantity and quality of the basic data, the estimates for North 
Alaska and the Gulf Coast are not nearly so well controlled as those for the 
other provinces. Nonetheless, the results of this study do suggest that the 
importance of Alaska and the Gulf Coast Provinces has been seriously 
underestimated. 

Although not so conspicuous, substantial increases in estimated tonnage 
were obtained for other provinces, particularly the Interior, Appalachian, and 
Rocky Mountains. Since the data used in preparing these estimates are 
probably very similar to the data used to produce the estimates reported by 
Keystone , the indicated discrepancies are undoubtedly a result of differences 
in methods. The Keystone data were based on reports published by various 
state and Federal agencies which, although somewhat variable in methods of 
estimation, all subscribe to some sort of geographic limit on extrapolation of 
the resource from data control points. The methods employed in the present 
study are not dependent on such constraints, but rather rely on the 
establishment of approximately homogeneous coal facies blocks, and the 
statistical treatment of thickness variation within blocks to quantify 
estimation uncertainty (see Section 3.2.4). Such methods permit larger areas 
to be included in the estimates, and not surprisingly, piroduce somewhat larger 
tonnage figures. 

Another factor which could lead to overestimation in this study arises 
from the relatively ssiall number of samples used in each analysis area, and 
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Table 20. Resource Betlmatej for U.S. Coal Provinces in Which 
Steep Dips, Faults, and Igneous Intrusions are not 
Major Characteristics 



(Tonnage 

is Expressed in 

Billions)^ 



1980 Keystone 
Estimates 

University of Kentucky Estimate 

Province 

Tonnage 

Percent 

Tonnage 

Percent 

Appalachian 

Plateau 

400 

11 

810 

7 

Interior Basins 

540 

14 

740 

6 

Gulf Coast 

40 

1 

3790 

33 

High Plains 

660 

17 

610 

5 

Rocky Mountains 

1830 

49 

2190 

19 

North Alaska 

290 

8 

3510 

30 

TOTAL 

3760 

100 

11,650 

100 

*Tonnat;e8 may not 

add to totals 

shown elsewhere 

due to round-off. 
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froa th« character of the borehole data upon idiich the eatiaatea are baaed. 
Theae data are alaoat excluaively derived froa holea drilled for the 
conaercial exploration of coal. When a nuaber of auch holes are drilled in 
any one adning district, areas of thin or no coal are established, and 
subsequent drilling avoids such areas. Hence, in any particular district, 
there is a preponderance of records froa areas «Aiere the coal aeaaa are thick, 
and as a result thin coal areas are underrepresented. Because all of the 
records for one analysis area are given equal weight, it is easy to see how a 
saall saaple of records drawn froa the relatively thicker coals aay indicate a 
greater coal thickness than is actually present within a district. This sort 
of bias could be avoided if records of holes of an entirely exploratory nature 
could be eaq>loyed, but such data are neither generally available nor readily 
obtainable. 

Speculation about the possible biases in the data or approach is useful 
because of the additional perspective it provides on the results of this study 
and similar studies in the future. The real question, however, remains — is 
the tonnage estimated actually there? Strictly speaking, the only satis* 
factory way of assessing validity is comparison of the estimate produced 
by the methodology of this study with tonnages that have been precisely 
measured (or mined) in a variety of different coal districts. Such explicit 
comparisons were beyond the resources available for this study. However, some 
very preliminary comparisons of the results of this study with tonnages in 
carefully docximented areas suggest a higher level of validity than one may 
initially suppose. 

A recent paper by Fern and Mathew (1981) may shed some light on this 
matter. In his study of the Texas lignites, Mathew prepared tonnage estimates 
for four depositions! environa^nts (alluvial plain, lower alluvial/upper delta 
transition, lower delta plain, and strandplain/lagoonal) using three different 
techniques: (1) manual estisuites from hand-drawn isopach maps, (2) computer 

estimates from computer-drawn isopach maps, and (3) computer estimates, 
employing a mathematical model (Kriged thickness) of seam height. Not only 
were the three estimates in close agreement for each resource type, but the 
robustness of the estimates to decreases in data were quite impressive. In 
all cases, reducing the data by 75Z (via random selection of logs) produced a 
variation in the tonnage estimate of no more than 15 - 20Z. This implies that 
relatively little data may be used to make gross tonnage estimates. Because 
the present study blocked formations to yield areas of fairly homogeneous 
total coal thickness, the authors are encouraged to believe that the accuracy 
of these estimates may be of the same order as the variation in estimates 
described by Ferm and Mathew (1981). 


6.2 RELEVANCE OF RESOURCE ESTIMATES TO ADVANCED MINING SYSTEMS 

The primary objective of this study is the estimation of U.S. coal and 
lignite resources with a view to guiding future research on 'ivanced mining 
systeou. A companion study by Hoag, et al (1982) uses the tv'nnage estimates 
developed in this report to assess the commercial significance of various 
resource types, and subsequently, reconmiend resource targets for R&D on 
advanced mining systems. However, the tonnage estimates themselves, together 
with the geologic and geographic setting of the resources, have clear 
implications for mining R&D. 
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As practiced todayi coal aining is a product of constraints iaposed by 
both the aaterial itself and nining aethods established through long 
practice. Although nee nethods oay be devised) the basic constraints main. 
Section 2 identified the major constraints as the thickness of a mineable 
seam) its structural attitwle or departure from the horizontal) the amount of 
overburden covering a seam) interburden or distance between adjacent senS) 
discontinuity of a seam produced by faulting or igneous intrusion) and the 
quality of the coal or lignite. Added to this list are the geographic 
location of the resource) and the average size of a mineable block (not 
examined in this study). 

This study has shown that the attributes of structural attitude and 
discontinuity due to faulting or igneous intrusion probably do not constitute 
major constraints in the total body of U.S. coal resources. Preliminary 
tonnage estimates for all coal provinces indicate that only about 32 of the 
total U.S. resources occur in fields where a large fraction of the seams are 
inclined at angles greater than 15°) or rendered discontinuous by faulting 
or igneous intrusion (see Table 1). Moreover) within those basins or fields 
in which such features are relatively less abundant) it is estimated that 
tonnages affected in this way probably do not exceed 12 of the total (see 
Table 21). Hence, in evaluating total coal and lignite resources, the major 
constraints are depth of cover, seam thickness, and the geographic area of 
occurrence. 


6.2.1 Depth of Cover 

In order to describe current U.S. practice and give a feeling for the 
extreme ground pressures surrounding the very deepest coals, the cateogries 
used to describe depth of cover were 0 - 500 ft, 500 - 2000 ft, 2000 - 4000 
ft, and greater than 4000 ft. Extraction by surface methods at depths of up 
to 500 ft is envisioned, and subsurface mining at depths up to 2000 ft is 
currently practiced. Mining at depths of 2000 - 4000 ft is possible, but only 
with increasing difficulty and expense. Resources at depths greater than 4000 
ft are probably not extractable as solids, but are candidates for in situ 
combustion or similar processes. Viewed this way, slightly over 402 of the 
U.S. resources are extractable via currently available or readily foreseeable 
mining methods, and nearly 602 occur at depths where mining is difficult or 
impossible (see Table 21). Of the 402 of the resource under less than 2000 ft 
of cover, about one-quarter is available for surface mining at depths down to 
500 ft, and the remainder is within the range of underground raining. 

However, because of the rock materials in which these resources occur, 
easily mineable coals total somewhat less than 402 of the aggregate. In 
particular, the 2 trillion tons at depths of 500 - 2000 ft in the Gulf Coast 
and High Plains Provinces are probably not available for underground mining 
because of the unconsolidated character of the materials which enclose these 
lignite bodies; i.e., these resources could be placed in the category of 
"extractable only with great difficulty." Consequently, readily mineable U.S. 
resources are probably about one-quarter of the total, with the remaining 
three-quarters recoverable only by unconventional methods. 
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Table 21. Summary of Original and Remaining Resources by Seam Thickness, 
Depth of Cover, and Degree of Disturbance 


OF POOR QUALITY 
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Theraforci ont of tho aajor dir«eti<m« in IID on rosoureo «xploit«tion oheuld 
be developaent of cechnol<^y for exploltinc the reeourcee for which ground 
control it the pereaount technologicel eonetreint — deeply buried bittninout 
end tubbituainouc coelt, end deep aineeble 1 gnitee surrounded by rock of very 
low coape tenet. 

Of the readily extrecteble 3 trillion tontj ebout one-third cen he 
considered eveileble for surface aining aethodsi the roainder being suitable 
for underground aining. Of the coals that can be surface ained, the bulk 
appear to be located aainly in the Gulf Coast Province and to a lesser degree 
in the Appalachian Plateaui the Interior Basin, and the Rocky Mountain 
Province. However, until aora definitive data are available for the Gulf 
Coast, all of these f<Hir provinces should be regarded as roughly equal in 
resources available for surface aining, leading to a conservative estiaate of 
surface aineable resources of about 250 billion tons. Any consideration given 
to enhanceaent of surface aining techniques in these provinces should 
recognise the aajor differences aaong thca. Rocks enclosing the lignites of 
the Gulf Coast are very poorly consolidated relative to the other provinces, 
and can be readily excavated. However, for the aaae reasons, highwall and 
spoil pile stsbility could present serious probleas, further aggravated by the 
proximity of large quantities of subsurface water. On the other hand, the 
rather level character of the Gulf Coastal Plain topography, combined with the 
low structural inclination of the seaas, ei^ance the possibilities of surface 
aining, as do similar emditions in the Interior Prtnrince. Surface mining in 
the more rugged terrain of the Appalachian Plateau or Rocky Mountain Province 
could be aided by development of improved methods for handling highly variable 
thicknesses of overburden occurring in close geographic proximity. 

Tonnages readily available for underground mining at depths of 500 - 
2000 ft amount to about 10 - 15Z of the total U.S. resources if the lignites 
in the poorly consolidated rocks of the Gulf Coastsl Plain and High Plains are 
excluded (Table 22). These readily mineable underground resources, together 
with the roughly 250 billion tons conservatively available for surface mining, 
comprise the easily extractable coal resources of the United States. 

Virtually all of this coal is of at least subbituminous rank, and somt 
includes mediusT- and low-volatile bituminous deposits. These resources are 
located in the Rocky Mountain, Interior, and Appalachian Plateau Provinces, 
with each province having roughly the same magnitude of resource potential. 
Since mining conditions and methods, as currently practiced, are about the 
same in each of these three provinces, advanced extraction techniques 
developed in one area would probably be applicable to another. 


6.2.2 Seam Thickness 

Seam thickness, as a mining constraint, is of importance primarily in 
underground mining. In surface mining the governing factor is the ratic uf 
total coal to the volume of the rock to be removed. Thus, unless only a 
single seam is to be mined, the thickness of any one seam is of little 
importance. The thickness categories used in this study reflect the 
approximate relationship of seam thickness to underground mining methods 
currently being employed. Soam European collieries practice multiple slice 
longwalling of thick coals, and recent reports indicate the availability of 
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p<w«r«d thiclds ifhieh can aupport a 20 ft roof. Howovatf thara iai at 
praaanty no aeeaptad tachnlqua for Blning Iterth Aa»rlcan aaans aaieh in axeaaa 
of 15 ft| and an a rula» a aubatantial fraction of tb& coal in thick i^rican 
aeaiM ia loft on tha roof and floor. Tha probabla ranga of aaaa thicknaaa for 
currant underground nining ia 15 ft - 42 in. rlftaan faai: slightly excaada an 
optima of 6 ** 9 ft for aoat cMmrcially availabla aquipakiint» and 42 in. 
represents a tolerable lower liait for comonly used aining aachines. Seaaa 
leas than 42 in. high can be categorised as difficult to aine^ and seaaa 
thinner than 28 in. are currently ained only under special circuastances. 

Table 23 shows the distribution of U.S. resources hy thickness category 
for those seaas which are gently inclined, not faulted or intruded, and lying 
under less than 2000 ft of overburden — i.e. , resources that are aost 
suitable for underground aining. Table 23 indicates that in this category of 
resources, seaas in excess of 15 ft represent a very sauill proportion of the 
total, with about half of these occurring in either the Gulf Coast or High 
Plains Provinces, tdiere weakness of the surrounding strata would very likely 
preclude the possibility of significant underground extraction. Moreover, the 
attractiveness of thick seaas as an R&D target diainishes when one recognises 
that it is at least theoretically possible to aine the bulk of the resource 
over 15 ft with a two*>pass, top slicing longwall, leaving at aost a few feet 
of coal between slices (a state-of-the-art technique in Europe). Hence, 
priaary interest aust be focused on seaas with thicknesses of less than 15 
ft. About half of these resources are in seaas 15 ft - 42 in. thick, and the 
reaainder, in thin seaas of 42 - 14 in. However, over half of the tonnage in 
the 15 ft - 42 in. category is located in the Gulf Coast or High Plains 
Provinces, and is probably not suitable for extraction by underground 
methods. In addition, thin seaa resources in the High Plains, Rocky Mountain, 
and Gulf Coast Provinces have probably been underestiaated because beds of 
this thickness are generally not regarded as mineable in those regions, thus 
discouraging the exploration of these coals as well as the careful reporting 
of thin coals in recorded logs. Hence, in order to evaluate seam thickness 
data in the context of underground mining, data from the Gulf Coast and High 
Plains should be excluded, and thin seam tonnages for the Rocky Mountain 
Province should be regarded as underestimated. 

Accordingly, data from Table 23 are recast into Table 24 which excludes 
seams thicker than 15 ft as well as all Gulf Coast and High Plains coal. 

Table 23 shows that, overall, about half of the "adjusted" underground tonnage 
occurs in seams frosi 15 ft - 42 in. thick, and half in seams of 42 - 14 in. 

If the Rocky Mountain and North Alaskan tonnages have been underestimated, 
then it may be expected that a substantial body of readily available 
underground tonnage occurs in the thin seam category. At first glance, these 
data appear to have clear implications for the development of advanced 
underground mining systesw. Thicker coals are widely regarded as oasier and 
cheaper to mine; moreover, any thin coal wjst generally compete with closely 
adjacent thicker coals, under Che assumption that nearby thick coals have not 
been seriously depleted. This logic implies that RAD efforts should be 
channeled into systems suitable for mining seam 15 ft - 42 in. thick, and 
indeed, most research in underground mining is concentrated in this range of 
seam thickness. 
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Table 23. Remaining Resources in Beds not Faulted or Intruded, Dipping 
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Table 24. Re~init.g Resources in Beds 15 ft to 14 in. Thick, which Are Not Faulted or Intru ed a»d Lie 
under Less than 2000 ft of Cover, in All Provinces Except the Gulf Coast and Hi^ Plains 
(Tonnage is Expressed in Billions)^ 
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'Tonnage* eay not add to indicated totals due to round-off 


On th« othnr hnnd, Mthod* of ainlBg thlmior than 42 in. appaar 

to ba adaptationt of procaduraa uaad in tha thlckar aoMMt and the •■aller 
intereat in coMMreial devalopMnt of thin aaaaa would appear to reflect, at 
least in part, a lack of suitable technolc^y for rapid and efficient 
extraction of coal froa low aeaas. This, cmipled with the fact that a large 
proportimi of readily availd>le undergrotaad resources occurs in thin seaas, 
suggests that developaent of totally new thin seaa technology could yield 
great benefits. 


6.2.3 Nultiseaas 

As explained above in Section S.O, the juxtaposition of rock and coal 
in a sediaentary sequence leads to two kinds of wining probleas. If the 
strata are relatively thin, then a sequence of coal and rock layers way be 
wined as one unit (or seaa) so long as the proportion of rock is saall enough 
to be econoaic. Current practice averages 25 - 30Z reject in dirty seaas, 
with 50Z rock being regarded as the outer liait of profitability. A higher 
proportion of rock leads to excessive swchlne wear, wore inteni^ive product 
preparation, and generally higher handling costs per ton of coal wined. 

If the coal beds are wore widely separated, and if each seaa is thick 
enough to be alneable by itself, the reaoval of one coal aay hinder the 
subsequent reaoval of another. These so-called aultiple seaas, although not 
widely ained in the United States, pose a aultitude of operational probleas 
which vary with the order in which the seaas are renoved. Such probleas 
include roof falls, rib sloughing, floor heaves, water flooding, and 
disruption of the ventilation systea. Contrary to popular opinion, reaoving 
the top seas first does not necessarily siaplify the extraction of subadjacent 
aeaas. A choice between taking the top seaa first, the bottom seaa first, or 
aining the seaas siaultaneously is a coaplex function of overburden, seaa 
thickness, roof and floor quality for each seaa, and the structural strength 
of the rock smss between the seaas. 

The identification of aultiseaa resources required a reanalysis of the 
logs used to estiaate tonnage for the SK>re familiar resource categories, and 
this analysis was reported separately in Section S.O. Table 25 places those 
results within the broader context of the aggregate national resource. This 
susMary tabulation indicates that aultJple seaas comprise over 50S of the 
aggregate flat-lying coala of aoderate thickness under less than 2000 ft of 
cover, and about 21Z of the total resource. Mo attempt was made to isolate 
multiple aeaas within the categories of steeply dipping, thin, exceptionally 
thick, or very deep coal. However, one could safely assuae that a similarly 
large proportion of theae siore challenging reaource types may be classified as 
aultiple seaas as well. Exaaination of Table 25 reveals that almost 40Z of 
the shallow aultiple seaas are concentrated in the Gulf Coast, the remainder 
of this resource type spread being fairly evenly over the other five 
provinces. Comparison of aultiple seaa and isolated ficaa tonnages indicates 
that aultiple seaas dominate by a factor of 1.5 to 3 irn all provinces, 
expanding to a ratio of Stl or more in the High Plains and some basins in the 
Rocky Mountains. Section 5.0 suggests some reasons for the apparent 
stratigraphic differences between provinces. 
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Table 25. Remaining Resources by Major Resource Category and Coal Province 
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with an ettiMCed tonnage of 89.9 billion 


These mnbers aust be considered order of aegnitude estlsMteSi since 
they depend up<Hi a particular definiti<m of a aiiMable unit and upon a 
particular quantification of the seme of interference, idiich is itself only 
the crudest ^proxiaation to a very coa|>lex reality. Perhaps the real iaport 
of these nuabers is the li^t it sheds on tiie problea of coal conservation, 
and thus, the value of developing aining systeas which ainiaise the iaqiact on 
adjacent cuals. 


6.3 GEOLOGICAL TARGETS FOR ADVANCED MIMING SYSTEMS 

The results of this study offer clear guidance for the development of 
advanced aining systeas to enhance the exploitation of U.S. coal and lignite 
resources. Firstly, there is strong evidence that the total resources have 
been underestiaated by at least lOOZ, and that a substantial body of coal and 
lignite occurs at depths greater than 2000 ft. A large fraction of these 
deposits are found below depths where coal is currently ained in the United 
States, with the deep coals occurring aainly in the Gulf Coast and North 
Alaska, and to a lesser extent, in the Rocky Mountain Province. The poorly 
consolidated character of the rocks in the Gulf Coast and the extreae depths 
of mich of the North Alaskan coals suggest that utilisation of these deeply 
buried resources is best accoaplished by unconventional techniques, probably 
involving in situ coMiinution or conversion. However, the state**of-the-art in 
solution mining, in situ cosd>ustion, and related technology is not well 
developed, and benefits froa these aodes of exploitation appear likely only in 
the long-tera. 

Secondly, the data indicate that 1.2 trillion tons of resources lie 
within 500 ft of the surface, and thus, within the ordinary range of surface 
aining. These resources are roughly equally distributed across the coal 
provinces of the contiguous United States and, hence, comprise a readily 
available short'-term resource. Extraction technology in this area is similar 
to that utilized in other excavation enterpises and has benefitted greatly 
from the transfer of technology. Although technological evolution may be 
expected to continue, developsant of totally novel surface extraction methods 
appears both unnecessary and unlikely. 

Thirdly, these data indicate that substantial resources of bituminous 
and subbituminous coal occur at depths suitable for underground mining (less 
than 2000 feet), with shallow inclination, and absence of faults and igneous 
intrusions — all of tdiich simplify underground operations. These bodies of 
coal occur minly in the Rocky Mountain, Interior, and Appalachian Provinces 
where an infrastructure already exists for underground extraction. Within 
these areas, efforts toward the enhancement of extraction technology should be 
directed to seams in the range of 15 ft - 42 in. since only a small proportion 
of the resources occur in seams thicker than 15 ft. It appears that 
technological advancement in mining coals 15 ft - 42 in. thick would be best 
directed toward improving the capability of existing systems for the 
extraction of isolated (non~’interfering) seams. However, a potential for 
oiajor technological innovation exists in the recovery of multiple seam 
deposits and thin coals. The relatively small indicated tonnage of s^'-ms 
which can be mined in isolation has strong implications for resource 
conservation. As mining proceeds in Appalachia and the older coal fields of 
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other pTOvincee* depletion of the reeource eill occur et e rate anch higgler 
then mtcf be apparent becauae of inattention to the Mutual interference of 
closely adjacent coal beds. Accordingly* asiltiple seana are regarded as a 
res<Hirce of long~’tem nati<mal inportaiMet and of short-tens inportance in 
those coal fields where nining has been intensive. 

Finally, this study has shown that only a relatively snail proportion 
of the U.S. resources occur in steeply dipping, faulted, or intruded bodies. 
Consequently, although sosn of this coal is of good to excellent quality, the 
technical problens associated with it, relative to the total volusn available, 
place it in a position of secondary i^ortance conpared with coals that can be 
■ore easily extracted. 
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APPEHDIX A 


DETAILED RESOURCE DATA ON BASINS 
AMD SUB-BASINS 


A-1 


Table A*l. Origiiial latourcea of the Dimkerd Beein 
(See Figure 4 for loeetion of eree 
of eetiMte,) 


ORIGINAL PA(3£ 18 
OF POOR QUALfTY 


I AH dAtA. i» biUlOM of tons) 
Totsl tbitfiAgA 


< V £ 


329.1 - 339.5 


335.2 


tennsge By Degree Of Dip 
15®-45® 


335.2 


Tonnage Nhich is Faulted or Intrt^ed 


TOTAL 

335.2 

TOTAL 


Tonnage by Overburten Thickness 
♦I 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 

130.9 204.3 335.2 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42** 42--2S** 28** - 14** 


156.1 


102.8 76.3 


TOTAL 


335.2 


Quelity 


SULFUR 


.4%-6% 


3g _ 2^5% 10»400 - 15*000 BIT 


Ares of Resource EstiBste 


20,712 SQ. MI 


*1 applies where areas 0*-500* are too ssuill for measurenent. 
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original page » 

OF POOR QUALITY 

Table A-2. Original Reaources of the Monongahela Formation in the 
Dunkard Basin (See Figure 4 for location of area.) 

I All datA billions of tons) 



*1 applies where areas O'^SOO* are too small for measurenent. 


A-4 



f 


Tabl« A-3. OritiMil R«*ourc«« of tho Portiolly Brodod Monongoholo 
FotMtlon in tho Dinkord B««in (Boo "NonoBgiAiolo 1'* 
on Figuro 4.) 

( All dotA. billions of tMis) 


Ibtsl fbnnsFo 


^ V < 


58.7 - 74.2 


66.4 


Hocinogo 9y Dogcoo Of Dip 
U®-45® 


66.4 


TOSM. 

66.4 


Tonnago Nhich is Fsultsd or Zntrudod 


TOTAL 

0 


Tonnes by Ovor^irdon fbicknoss 
O-SOO* 500-2000* 0-2000'*^ 2000-4000* >4000* 


TOTAL 


52.0 


14.4 


66.4 


Tonasgo by Sosa Ibicknoss iQioco 
Ooocburtei is Loss than 2vM)0 Foot 

50-15* 15*- 42" 42- -2f 20" - 14- 


TOTAL 


38.4 


13.9 


14.1 


66.4 


Quality 


.4% - 16% 


3% - 15% 


10,000 - 15,000 BIT 


Aroa of Rosoucco Estiaats 


4,874 SQ. MI. 


,-5 







ORIQINAL PAGE is v 
OF POOR QUALITY 

Table A-4. Original Raaourcea of Area of Full Thickneii of the 
Monongahela Formation in the Dunkard Basin 
(See "Monongahela II" on Figure 4.) 

f All datA bllllMW of tons) 



'-500' are too snail for measurenent. 


*1 applies wh 




ORIGINAL PAGE S 
OF POOR QUAimr 


T«bl« A-S* Original Kasoureaa of tlia Allaghany Foraation In eha 
Duiriitrd Baain (Son figura S for location of araa of 
oatiaata.) 

i All data in bilUona of toas) 


total Tonnaga 


1 V < 


195.7 - 269.1 


232.4 


tonnago By Dagraa Of Dip 




232.4 


Ibnaaga Nhieh is Paultad or Zntrudad 


TOTAL 

232.4 


TOTAL 


Tbanaga by Ovarburdm Thiekaass 
*1 

0-900* 900-2000* 0-2000* 2000-4000* >4000* TOTAL 


71.9 


160.5 


232.4 


Toanaga by 8aaa Thiekaass Whara 
Oaarburdaa is Lass than 2000 Past 

90-19* 19*- 42" 42--2B*' 2f - 14" 


TOTAL 


87.2 


85.3 


59.9 


232.4 


SULFOB 


Quality 


.4% - 7t 


3% - 15% 10,400 - 15,000 ^IT 


Araa of Basourca Bstiaata 


20,670 SQ. MI 


*1 applias «diara araas 0*-900* art too snail for naasuranant. 
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OMOINALP^* 
OF POOR QOALnY 


Table A-6. Original Reaourcca of the Pocahontaa Baain 

(See Figure 6 for location of area of estimate.) 

C All dntA billlwa of tons) 


Total TMinags 

< V <. ; " 

333.2 “ 336.5 335.5 69 


< 15'' 
335.5 


TiMtnage By De 9 ree Of Dip 
U®.45® 


Tonnage Which is Faulted or Intruded 


Tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


111.7 223.8 


Toimage by Seam Thickness Where 
Overburden is Less than 2000 Feet 


TOTAL 

335.5 


TOTAL 

0 


TOTAL 

335.5 


>50* 

50-15* 

15*- 42- 

42- -28** 

28** - 14" 

TOTAL 



174.1 

71.8 

89.6 

335.5 

Quality 


SULFUR 
.5% -6% 


ash btu rank 

.5% - 261 10, 094 - 15, 800 BIT 


AT.. Of R.MUIC. 


*1 applies where areas O'-SOO* are too small for measurement. 




pack 

^ POOR QUAUTV 


Table A-7. Original latourcas of Thin Breathitt Coalf in the Baitam 
Kentucky Portion of the Poeahontaa Baa in 
(Sea "P-l» on Figure 6.) 


I All datA. billions of tons) 


Total TDimaga 


i V < 


21.8 - 47.5 


34.6 


Tonnage By Degree Of Dip 
15®-45® 


34.6 


Tonnage Nhich is Faulted or Intruded 


TOTAL 

34.6 


TOTAL 


Tbnn^e by Overburden Thickness 
*1 

0-500 • 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


17.3 


17.3 


34.6 


Tonnage by Seen Thickness ubere 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42--20*' 2i** - 14- 


TOTAL 


12.5 


12.6 


34.6 


80LFQR 


Quality 


.5% - 6% 


.5% - 26% 


10,094 - 15,800 Bii 


Area of Besource Bstiaate 


6,236 SQ. MI. 


*1 applies %fhere areas 0'-500* are too snail for neasureaent. 






OF POOR QUAIjrir 


Table A-8. Original Ratourcaa of Thick Coala in tha Uppar and Lower 
Parta cf the Breathitt (Eaatam Kentucky) ** Kanawha 
Formation (West Virginia) in tha Pocahontaa Baain 
(Saa "P-II" on Figure 6*) 

I All datK. lit billions of BMio) 


Tbtsl Tdnnsfo 


1 W < 
109.4 - 186.0 


141.7 


fonnsge By Dagraa Of Dip 
15®-45® 


141.7 


TOnnsgs tflaieb is P>«ultsd or Intruded 


TOTAL 

141.7 


TOTAL 

0 


0>500< 


Tonnage by Overburden Thickness 
*1 

500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


47.2 


94.5 


141.7 


50-15' 


Tonnage by 8eaa Thickness Where 
Owerteirden is Less than 2000 Feet 

15* 42" 42"-28" 28" - 14" 


TOTAL 


69.5 


34.4 


37.8 


141.7 


SULPOR 


Quality 


.5^ - 6t 


.5% - 26% 10,094 - 15,800 BIT 


Area of Resource Estiaate 


8,353 SQ. MI 


*1 applies lahere areas 0*-500* are too snail for Baasurenent. 
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OF POOR QUALITY 

Tabl* A-9. Origiiuil R«»oureta of Thin Coalo in tho Lower BroothitC 
and Uppar Maw Mlvar (Laa) FoTMtiona in tha Pocahontaa 
Batin (Baa '*P*111** on Figura 6.) 


I All data la bllllona of bona) 


fatal Tonnaga 


1 P 1 

44.7 - 8S.4 


66.6 


fonnaga By Dag raw Of Dip 
15®-45® 


66.6 


fonnaga Nhieh la Faulted or Xntrudad 


Tono. 

66.6 


TOTAL 

0 


Toluiaga ^ Ovarbttcten fhicknaaa 
*l 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


16.4 50.2 


66.6 


TMinaga by Saaa f)iieknaaa Nhaca 
Oaarburdan ia Laaa than 2000 7aat 

50-15* 15*- 42*' 42--2r 20* - 14" 


TOTAL 


34.0 


14.6 


18.0 


66.6 


SULFUR 


Quality 


51 - 61 


.5% - 26% 


10,094 - 15,800 BIT 


Araa of Raaourea latiaata g^269 SQ. MI. 


*1 appliaa whara a:aaa 0'-500* art too aaall for naniuramant. 


A-11 
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Table A'-IO. Original Reaourcea of Subcrop Pocahontaa Coala Overlain 
by Thin Nev River Coals in the Pocahontas Basin 
(See "P-IV” on Figure 6.) 

I All data la billicMiB of tona) 


1 P i 


fatal fonnaga 


5.9 - 19.5 


12.6 


tannage By Degree Of Dip 
15®-45® 


12.6 


tannage Nhich ia Faulted or Intruded 


101AL 

12.6 


TOTAL 

0 


tannage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


12.6 


tannage by Seam Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42--2S" 28" - 14- 


TOTAL 


SULFUR 


Quality 


12.6 


.5% - 6% 


.5% - 26% 


10,094 - 15,800 BIT 


Area of Resource Estimate 


1,291 SQ. MI 


*1 applies where areas 0'-500* are too small for measurement. 


A-12 
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T«bltt A-11, Orifiaal tatoureaa of Outcrop Pocohootoa Coala Ouarlaia 
by Thia Mmr Rivar Coala la tha Poc^oataa Bat la 
(Saa **?-V*' oa Pigura 6.) 

C All data la billlma ^ tona) 


1 V i 

3.6 - 6.8 


fatal fbnnaga 


tonnaga 1^ Dagraa Of Dip 
15®-45® 


TOTAL 


Tonnaga ia Paultad or Xntrudad 


TOTAL 

0 


Tbnaaga by Ovarburdan Thiefcnaaa 
(HSOO* SOO-2000* 0-2000**^ 2000-4000* >4000* 


TOTAL 


Tonnaga by Saaa Tliicknaaa Nhara 
Oaarburdan ia Laaa than 2000 P*at 

50-15* 15*- 42" 42--20" 20" - 14" 


TOTAL 


SULFUR 


Quality 


5% - 6% 


.5% - 26% 


1U,094 - 15,800 BIT 


Araa of Raaourca Batiaata 


485 SQ. MI 


*1 a^lias whara araaa 0*-500' art too taaill for naaauramnt. 


A-n 
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T«bl* A-12. Original Raaourcaa of Thin Lowar Kanawha and Thick Oppar 
Kana«Hia Coala Outcropping in the Central Heat Virginia 
Portion of the Pocabontaa Baain (See *^-vi** on Figure 6.) 

I All data i» billions of tons) 


< V 
22.1 - 

Total Tonnago 

< 5 « . 

47.8 J«.9 9 


< 15® 

tonnage By begree Of Dip 

15®-45‘* >45® 


34.9 


TOTAL 



34.9 


Tewinage ifhicb is Paultad or intruded 

TOTAL 

0 

0-500* 

Tonnage by Overburden Thickness 
*1 

500-2000* 0-2000* 2000-4000* >4000* 

TOTAL 

11.6 

23.3 

34.9 

>50* 50 

Tonnage by Sean Thickness hhere 
Overburden is Less than 2000 Feet 

-15* 15*- 42" 42"-28* 28* - 14" 

« 

TOTAL 


21.5 6.1 7.3 

34.9 

SULFDR 

Quality 

ASH BTU 

RANK 

.5% - 6% 

.5% - 26% 10,094 - 15,800 

BIT 


Area of Resource Bstlaate 

2,783 

SQ. MI. 


*1 applies where aiesa O' -500* are too snail for meaaurenent. 


A-14 
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OF POOR QUALITY 

Table A-*13. Original Reaourcea of Subcrop Thin Kanawha and Thick 
Upper Kanawha Coals in the Central Weat Virginia 
Portion of the Pocahontaa Basin (See "P-VII" on 
Figure 6.) 


C All datA. billions of tons) 


fbtsl Tonnsgs 


< U <, 


15.1 - 65.1 


39 9 


tonnage By Degree Of Dip 
U»-45® 


39.9 


tonnage Which is Faulted or Intruded 


TOTAL 

39.9 


TOTAL 

0 


tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


13.3 


26.6 


39.9 


tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42"-28" 28" - 14- 


TOTAL 


31.5 


39.9 


Quality 


SULFUR 


.5% - 6% 


.5% - 26% 


10,094 - 15,800 BIT 


Area of Resource Estiaate 


3,512 SQ. MI. 


*1 applies where areas 0*-500* are too small for measurement. 
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Table A- 14, Original Resources in the Warrior Basin (See Figure 7 
for location of area estimate.) 

( All datA, in billions of tons) 


Total Tnmaga 


S, V < 


184.4 - 203.1 


194.2 


< 15' 


Tonnage By Degree Of Dip 
15 ^- 45 ® 


194.2 


Tonnage Which is Faulted or Intruded 


TOTAL 

194.2 


TOTAL 


Tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


21.8 


144.8 


27.6 


194.2 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42* 42"-28" 28" - 14" 


TOTAL 


30.1 


46.7 89.7 


166.5 


Quality 


SULFOR 


.7% - 3.1% 


2.5% - 15.9% 12,210 - 14,310 BIT 


Area of Resource Estinate 


13,258 SQ. MI, 


*1 applies where areas O'-SOO* are too small for measurement. 


A-16 
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Table A-IS. Original Raaourcaa in Areas in the Warrior Basin Where All 
Seaas are Represented (See "Warrior I" on Figure 7.) 

I All datA in- billions of tons) 


Total TMUiags 


1*^1 


79.5 - 163.3 


121.4 


Tonnage By Degree Of Dip 
15®-45® 


121.4 


Tonnage Which is Faulted or Intruded 


TOTAL 

121.4 


TOTAL 

0 


TMinage by Overburden Thickness 
*1 

(H500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


11.5 


109.9 


121.4 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42** 42**-28- 28** - 14" 


TOTAL 


18.5 


36.7 66.2 


121.4 


SULFUR 


Quality 


7% - 3.1% 


2.5% - 15.9% 12,210 - 14,31U BIT 


Area of Resource Estioate 


4,267 SO. MI 


*1 applies where areas 0'-500' are too small for measurement 







OfMQINAL PAGE n 

S??eSRQUALiTY 


Table A-16, Original Resources in Areas of the Warrior Basin Where 
the Coal Seams in the Lower Two'-Thirds of the Total 
Sequence are Present (See "Warrior II" on Figure 7.) 

I All data bllliona of tona) 


Total Tonnage 


S, V < 


50.7 - 88.7 


69.7 


tCMinage By Degree Of Dip 
l5®-45® 


69.7 


Tonnage Nhieh ia Faulted or Intruded 


TOTRL 

69.7 


TOTAL 

0 


Tonnage by Overburden Thickness 
*1 

0-500' 500-2000' 0-2000' 2000-4000* >4000' 


TOTAL 


34.7 


26.4 


69.7 


Tonnage by Seam lliicknesa Where 
Overburden is Less than 2000 Feet 

50-15’ 15'- 42" 42--28* 28" - 14" 


TOTAL 


11.7 


10.0 


21.6 


43.3 


SULFUR 


Quality 


.7% - 3.1% 


25% - 15.9% 12,210 - 14,310 BIT 


Area of Resource Estimate 


7,533 SQ. MI 


*1 applies where areas 0'-500' are too small for measurement 





0RM3INAL PAGE I3 
OF POOR QUALITY 


Table A-l?. Original Raaourcaa la Araaa of tha Warrior Baaia Whara 
Only tha Loaar Saaaa ara Praaant (Sea "Warrior III" 
on Tigura 7.) 

C .All. datA. i» billions of tons) 


< U £ 
2.4 - 3.8 


tbtsl fbnn^s 


< 15' 


fonnsga By Dagraa Of Dip 
15®-45® 


SOLFDR 


Quality 


TOTAL 


Tonnaga Which is Faulted or Intruded 


TOTAL 


Tonnage by Overburden Thickness 
*1 

0-500' 500-2000' 0-2000' 2000-4000' >4000' TOTAL 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

>50' 50-15' 15'- 42" 42"-28" 28" - 14- 


TOTAL 


7% - 3.1% 


2.5% - 15.9% 12,210 - 14,310 BIT 


Area of Resource Eatinata 


1,457 SQ. MI, 


*1 applies whara areas O' -500* ara too ssuill for maasuraiaant. 
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OP POOR gUALmr 

T*ble A“18. Original Resources of the Eastern Interior Basin 
I All data in billions of tens) 


< y 

Total Tmnage 
i X 


369.3 - 

380.1 376.7 


< 15® 

Tonnage By Degree Of Dip 

l5®-45® >45® 


376.7 


TOTAL 

376.7 

. 

Tonnage Which is Faulted or Intruded 

TOTAL 

12.6 

0-500' 

Tonnage by Overburden Thickness 
*1 

500-2000' 0-2000' 2000-4000* >4000* 

TOTAL 

223.7 

149.3 3.7 

376.7 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 


50-15’ 


15'- 42- 

42- -28" 

176.9 

81.0 

Quality 


TOTAL 


373.0 


SULFUR 

1.16 - 3.13 


ASB 

6.3 - 12.2 


BTD RANK 

10,900-11,590 BIT 


Area of Resource Estimate 

31427 SQ. MI. 


*1 applies where areas O'-SOO' are too small for measurement 





ORIGINAL PAGE IS 
OF POOR QUALITY 

T«bl« A-19. Original lasoureaa of tha Eaatam Intarior Baain Hhara 
tha Major Coal-Baaring Ponutiona ata Praaent 
(Sae "Baatam Intarior Thick” on Pigura 10.) 

i All daUL i» billions of tmw) 


Tiotsl Ibnnags 


i P i 


311.3 - 395.3 


353.3 


tennsga By Dagraa Of Dip 
15®-45® 


353.3 


TOTAL 


353.3 


Tonnags Nhicb ia Paultad or Intrudad 


TOTAL 

11.5 


Tbimaga by Ovarbordan Tbieknasa 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


200.3 149.3 


353.3 


Tonnaga by Sana Tbicknasa fibara 
Oaarburdan ia Ltaa than 2000 Paat 

50-15* 15*- 42" 42*’-28** 28* - 14- 


TOTAL 


174.6 


75.8 99.8 


349.6 


Quality 


SULFUR 


1.16-3.13 


6.3 - 12.2 


11,000-15,000 BIT 


Araa of Raaourca Eatiauta 


26,413 SQ. MI. 


*1 acpliaa vhara araaa 0*-500* ara too snail for naasuraaant. 




ORIGINAL PAGE « 
OF POOR QUALITY 


Table A-20. Original Raaourcaa of the Southeaatern Portion of the 
Eaatern Interior Baain Where Older Coal-Bearing 
Foraationa Contain Mineable Beaaa (See "Eaatern 
Interior Thin" on Figure 10.) 


1 R 1 


C All dat^ in billions of tons) 


fotsl Tonnage 


1€.4 - 30.6 


23.4 


Tonnage By Degree Of Dip 
15®-45® 


23.4 


TMUiage Mhich is Faulted or intruded 


TOTAL 

23.4 


TOTAL 

1.1 


Tonnage by Overburden Thickness 
*1 

0-500 ' 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


23.4 


23.4 


Tonnage by Seaa Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42"-28" 28" - 14- 


TOTAL 


5.2 15.3 


23.4 


Quality 


6.3 - 12.2 


10,900-11,590 BIT 


Area of Resource Estia^te 


5014 SQ. MI 


*1 ap[>lies vhi 


0'-500* are too snail for neaaurenent. 


A-22 
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• OF POOR QUALITY 

Table A-21. Originel Reeoureee of the Weetern Interior Benin 
(See Figure 11 for loeetion of erea of eatiMte*) 

( All date in billions of tone) 


Total Tonnage 


1 V i 


318.7 - 435.5 


377.2 


377.2 


fOnnaga By Degree Of Dip 
l5®-45® 


Tonnage Nhieb ia Faulted or Intruded 


TOTAL 


Tonnage by Oeerburdm Tbietness 
*l 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


71.7 


276.2 


29.3 


Tonnage by Sean Thietuesa Nhere 
Overburden ia Leaa than 2000 Feet 

50-15* 15*- 42- 42--2S" 28* - 14* 


64.6 


63.0 


220.3 


TOTAL 


SULFUS 


Quality 


2.2 - 8.9 


5.9 - 17.2 


11,470-15,210 BIT 


Area of Rea^rce Batiaate 


56,260 SQ. MI. 


*1 eppliea uhere arena O'-SOO* ere too enall for measurenent. 
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Of POOR QUALITY 

Table A**22. Original Reaourcea of the Texaa Portion of the Gulf 
Coaat Lignite Province Where the Lignites are 
Relatively Thin (See "Texas 1" on Figure 14*) 


I All datA blllloM of tons) 


TOtrl 9mna«« 


£. U < 


827.5 - 1584.5 


1206.0 


fennag* By Degree Of Dip 


1206.0 


Tmnage Which ia Faulted or Intruded 


TOTAL 

1206.0 


TOTAL 

0 


Tbnnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


322.8 657.1 


192.2 


33.9 1206.0 


Tonnage by 8eaa Thickness Where 
Overbuirden is Less than 2000 Feet 

50-15* 15*- 42" 42"-28" 2S" - 14- 


TOTAL 


793.2 


162.1 24.6 


979.9 


SULFUR 


Quality 


.4 - 5.77 


2.3 - 58.6 6158-11221 


Area of Resource Estinate 25935 


SQ. MI. 


*1 applies where a. tas O'-SOO* are too snail for measurement. 
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Table A->23. Original Ratourcaa of tha Texas Portion of the (hilf Coast 
Lignita Province Where the Lignites are Relatively Thick 
(See "Texas II" on figure 14.) 

( All datii to Olllioiui of tons) 


Total Tonnage 


1 1 ^ 1 
577.0- 1249.0 


913.0 


tonnage By Degree Of Dip 
15®-45® 


913.0 


Tonnage Which ia Faulted or Intruded 


TOTAL 

913.0 


TOTAL 

0 


Tonnage by Overburden Thickneaa 
♦1 

0-500* 500-2000* 0-2000* 2000-4000* >4009* 


TOTAL 


4.4 168.4 


439.2 


301.0 913.0 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

>50* 50-15* 15*- 42" 42“-28** 28* - 14- 


148.7 


19.6 


Quality 


SULFUR 


TOTAL 


172.8 


4 - 5.77 


2.3 - 58.6 


6158-11221 


Area of Resource Bstinate 

6737 SQv Ml. 


*I applies where areas 0'-500* are too snail for measurenent. 
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Table A-24. Original Resources Where Lignites are Tinder 500 ft or 
Less Cover in the Louiaiana Portion of the Gulf Coast 
Lignite Province (See "Louisiana I" on Figure 15.1 

I All datA. i» blllloiui of tcMw) 


Total Tonnaga 

< V < ; 

11.2 - 15.8 4.1 69 


< 15® 

tonnage By Degree Of Dip 

15®-45® >45® 


4.1 


TOTAL 

4.1 


Tonnage Nhich is Faulted or Intruded 

TOTAL 

0 

0-500' 500- 

Tomiage by Overburden thickness 
•1 

2000' 0-2000' 2000-4000' >4000 

' TOTAL 

4.1 


4.1 

>50* 50-15' 

Tonnage by Sean niiekness Where 
Overburden is Less than 2000 Feet 

15'- 42" 42--2S'' 28" - 14" 

TOTAL 


1.3 1.1 1.7 

4.1 


Quality 


SULFUR 

ASH BTU 

RANK 

.3 - 1.9 

3.8 - 55.6 2730-10120 

LIG 


Area of Resource Estimate 

2,952 

SQ.NI. 


*1 applies where areas O' -500* are too snail for measurenent. 
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Table A-25. Originel Reeoureee Where Llgnitei ere Under Cover Greeter 
Then 500 ft in the Leuieiene Portion of the Gulf Coeet 
Lignite Province (See "Louieiene II” on Figure 15.) 


I All tete Ift bilUone of tone) 


ibtel Tonnego 


1 P 1 


353.3 - 521.3 


437.2 


fonnege By Degree Of Dip 
15®-45® 


437.2 


lOiinege Which ie Faulted or Intruded 


TOTAL 

437.2 


TOTAL 

0 


Tonnage by Overburden Tbickneaa 
•1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


212.3 


193.2 


31.7 


437.2 


Tonnage by Seen Thicknesa Where 
Overburden ia Leaa than 2000 Feet 

50-15* 15*- 42- 42--28- 28" - 14* 


TOTAL 


110.4 58.1 43.8 


212.3 


SULFOR 


Quality 


.3 - 1.9 


3.8 - 55.6 2730-10120 


Area of Resource Batiaate „i. 


*1 applies where areas 0*-500* ere too small for measurement. 
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Tabl« A*26. OrlgiiMl Ratourcc* in th« Ark*ata* Portion of th« Gulf 
Coast Lignita Provinea (Saa "Arkanaaa" on Figura 15.) 


(All data In billions of tons) 
Votal Tonnaga 

i " 


< K < 


< 15 '' 
89.3 


Tonnage by Degree of Dip 

15®-45® 


Tonnaga Nhich is Paultad or Intruded 


Tonnage by Overburden Thickness 
0-500* 500-2000* 0-2000* 2000-4000* >4000* 


13.6 


62.1 


13.6 


TOTAL 

89.3 

TOTAL 

0 


TOTAL 

89.3 



50-15' 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

15*- 42** 42*-28** 28" - 14’* 

23.7 21.1 30.9 


TOTAL 


75.7 



Quality 


SULFUR 

ASB BTU 

RANK 



LIG 


Area of Resource Estimate 

19,489 SU. MI. 


*1 applies where areas 0*-500* are too small for measurement. 
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i 


Table A-27. Original Raaourcaa Whara Lignitaa ara Under 500 ft or Uaa 
Laaa Cover in the Miaaiaaippi Portion of the Gulf Coaet 
Lignite Province (See "Miaaiaaippi I" on Figure IS.) 

I All datg. blUiona of tona) 


fOtal TOnnao# 

< V < ; 

8.6 - 18.57 13.6 0 


< 15' 
13.6 


tennage By Degree Of Dip 
15®-45® 


Tonnage Nhicb is Paultad or Intruded 


TOTAL 

13.6 


TOTAL 


Tonnage bf Overburden Tbickneaa 
•1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


13.6 


Tonnage by Seen Tbickneaa Mhere 
Overburden ia Leaa than 2000 Feet 


13.6 


TOTAL 



Area of Reaource Eatinate 

2988 SQ. MI. 


*1 applies where areas 0*-S00* are too snail for neasurenent. 
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Table A**28. Original Resources Where Lignites are Under Cover 
Greater Than 500 ft in the Mississippi Portion of 
the Gulf Coast Lignite Province 
(See "Mississippi II" on Figure IS.) 

C All datiL billions of tens) 


< U < 


Tbtal Vonnsgs 


840.86 - 1239.74 


1040.3 


tCMmage By Degree Of Dip 
15®-45® 


1040.3 


Tonnsge Nbich is Faulted or Intruded 


TOTAL 

1040.3 


TOTAL 

0 


Tmnsge by Overburden Thickness 
*1 

0-500' 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


380.2 


570.5 


89.6 


1040.3 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42** 42** -28** 28** - 14- 


TOTAL 


197.7 


104.0 78.5 


380.2 



Area of Resource Estinate 


34984 SQ. MI. 


*1 applies where areas 0*-500* are too small for measurement. 
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Table A**29. Original Raaoureaa Where Lignitea are Relatively Thin 
in the Alabama Portion of the Gulf Coaat Lignite 
Province (See "Alabama 1" on Figure 16.) 

C All datR. i» billions of tons) 


Tbtsl Ibnnsgs 


1 V < 


21.53 - 44.25 


32.9 


Tonnsge By Dsgrss Of Dip 
15®-45® 


32.9 


TOTAL 

32.9 


Tonnage Which is Faulted or Intruded 


TOTAL 

0 


Tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


17.0 15.9 


32.9 


50-15* 


Tonnage by Seam Thickness Where 
Overburden is Less than 2000 Feet 

15*- 42" 42’-28* 28* - 14" 


TOTAL 


19.0 


32.9 


SULFUR 


Quality 


.31 - 3.74 


2.9 > 42.23 2300-6185 


Area of Resource Estiaate 


4262 SQ: fti. 


*1 applies where areas O' -500* ace too small for measurement. 
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Table A”30. Original Reaources Where Lignitea are ^latively Thick in 
the Alabaaa Portion of the Gulf Coaat Lignite Province 
(See "Alabana II" on Figure 16.) 

I AH datA. ift billions of tons) 




Votal fionnafe 


< 

V < 

i " 


22.39 

- 76.93 

49.6 12 


< 15® 

1 ^onna 9 e By Degree Of Dip 

15®-45® >45® 


49.6 



m 



Ibnnage which is Faulted or Intruded 

TOTAL 




0 



Tbnnage by Overburden Thickness 


0-500* 

500-2000* 0-2000* 2000-4000* >4000 

• TOTAL 

27.0 

22.6 


49.6 

>50* 

50-15* 

Tbnnage by Seam Thickness Where 
Overburden is Less than 2000 Feet 

15*- 42- 42"-28** 28- - 14** 

TOTAL 

13.5 

26.5 

8.4 1.2 

49.6 



Quality 


SULFUR 


ASB BTU 

RANK 

.31 - 

3.74 

2.9 - 42.23 2300-6185 

LIG 


Ares of Resource Estiaste 2154 SQ. MI. 


*1 a{^lies where areas 0'*500' are too small for measurement. 
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Tabl* A*3i. Original ll■•oure•■ of th« High Plaint tignita Provinca 
(Saa Figura 17 for location of araa of attinate.) 


fAU data in biUions of tona) 


Votal Vonnaga 


< U < 


593.5 - 620.6 


606.6 


Tonnage by Degree of Dip 


606.6 


Tonnaga Nhieh ia Faulted or Intruded 


TOTAL 

606.6 


TOTAL 


Tonnage by Overburden Thicknaaa 
0-500* 500-2000* 0-2000* 2000-4000* 3 


>4000* TOTAL 


58.4 


534.2 


14.0 


606.6 


Tonnage by Sean Tblcknasa Where 
Overburden ia Leas than 2000 Peat 

>50* 50-15* 15*- 42** 42--28** 28" - 14- 


TOTAL 


63.3 


403.8 62.5 


63.0 


592.6 


SULFUR 


Quality 


3% - 1.91 


3.7% - 12.7% 6r020 - 8,422 LIG 


Area of Resource Bstinate 


3,028 SQ. MI, 


*1 aH>li*a 


0*-500* are too sauill for aeasurenent. 
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Table A-32. Original Resources in Areas Wiere the Lignite-Bearing 
Formation is Partially Eroded in the High Plains 
Lignite Province (See "High Plains I" on Figure 17.) 

I All datR. billions of tons) 

Total TMUtaga 


1 V < 
31.17 - 54.39 


X 

42.8 


TMma^e By Degree Of Dip 
15**-45® 


42.8 


Tonnage Nhich is Faulted or Intruded 


TMnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000' 


TOTAL 

42.8 


TOTAL 

0 


TOTAL 


39.2 3.6 


42.8 



Tonnage by Seam Thickness Where 
Overburdsn is Less than 2000 Feet 

TOTAL 

>50* 50-15* 

15*- 42" 42"-28’* 28- - 14" 



26.7 4.6 11.5 

42.8 


Quality 


SULTOR 

ASH BTO 

RANK 

.3 - 1.9 

3.7 - 12.7 6020-8422 

LIG 

1 


Ares of Resource Estimate 

5425 

SQ. MI. 


*1 applies where areas 


500* are too small for measurement 





ORIGINAL PAGE IS 
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Tabl« A'-SS. Original Raaourcaa in Araaa Whera tha Full Saquanca of tha 
Lignita-Baaring Foraation ia Pratent in tha High Plain* 
Lignite Province (Sea "High Plain* II" on Figure 17.) 


C All dAtA. t» biUloM of trac) 


Total Tomuiga 


< U < 


453.24 - 674.3 


563.8 


Toiuiaga ^ Degree Of Dip 
l5®-45® 


563.8 


Tocinoga Mhleh la Faulted or Intruded 


TOTAL 

563.8 


TOTAL 

0 


Tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


19.2 530.6 


14.0 


563.8 


Tonnage by Seen Thickness Nhere 
Overburden is Less than 2000 Peat 

>50* 50-15* 15*- 42" 42--28" 28" - 14" 


63.3 377.1 


57.9 51.5 


TOTAL 


549.8 


Quality 


SULFUR 


RANK 


.3 - 1.9 


3.7 - 12.7 


6020 - 8422 


Area of Resource Bstinate 24357 SQ. MI. 


*1 applias where areas O'-SOO* are too saall for measurement. 
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Table A*34. Original Reaourcea of the Southweat District of the Rocky 
Mountain Province (See Figure 20 for location of area of 
eftimate.) 


(All in billiocii of tone) 


Total Tmuiage 


< W < 


286.8 - 298.0 


292.1 


Tonnage By Degree of Dip 
15®-45® 


272.3 


19.8 


Tonnage Which is Pok .ted or Intruded 


TOTAL 

292.1 


TOTAL 

8.7 


Tonnage by Overburden Thickness 
0-500* 500-2000* 0-2000* 2000-4000* : 


>4000* TOTAL 


114.2 89.3 


82.8 


5.8 292.1 


Tonnage by Seam Thickness Where 
Overburden is Less than 2000 Feet 

50-15’ 15*- 42" 42"-28" 28" - 14" 


TOTAL 


141.3 


23.1 


32.1 


203.5 


Qualit}/ 


SULFUR 


5% - 5.8% 


3.4% - 50.8% 5,119 - 


BTT 

12,060 SUBBIT 


Area of Resource Estimate 


16,441 SQ. MI. 


*1 applies where areas 0*-500* are too small for measurement. 
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T«bl« A-35. OrigiiMl Rctoure«s of tho Koleb-Alton Area of tho 
Southwoot Dlitriet of tho Rocky Mountoin Provinco 
(Soo Piguro 20 for location.) 


I All datA billieM of tem) 



•1 applion vharo ocoas O'-SOO* art too smII for MooutoMnt. 
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Sw3rqoaut» 

• -N 

TaUlt A-36. Original Raaoureaa of fha Kaiparowita Araa of tha 
Southwast Diatriet of tha Rocky Mountain Province 
(Saa Figure 20 for location.) 

C -AH datg, i» bllliona of toM) 


Votal fbimaga 

< V < ; 


8.1 - 79.9 


44.2 


< 15' 


tMmaga By Dagraa Of Dip 

15®-45® >45* 


41.6 


2.6 


TOTAL 

44.2 


Tonnage Nhieh is Faulted or Intruded 


TOTAL 

.8 


Tonnage by Overburden Thickness 
0-500* 500-2000* 0-2000**^ 2000-4000* ' >4000* tOt7X 


20.3 


11.1 


10.8 


2.0 


44.2 


>50* 


50-15* 

5.2 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 


15*- 42* 
19.8 


42--20" 28- - 14- 

3.3 3.1 


Quality 


TOTAL 


31. 4 


SULFUR 


Asa 


BTU 


RANK 


.68 - .88 


7 - 11.1 


9,309-11,210 BIT 


Area of Resource Estiauite 


1071 SQ. MI. 


*I applies where areas 0*-500' are too small for measurement. 
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Table A-37. Original Resourcea of the Henry Mountains Area of the 
Southwest District of the Rocky Mountain Province 
(See Figure 20 for location.) 

C All datA in’ billions of tons) 




Total Tonnage 


< w 

< 

Ml 

a 


.96 - 

1.77 

1.4 5 


< 15® 


TMuiage By Degree Of Dip 

l5®-45® >45® 


1.4 



TOTAL 

1.4 



Tonnage Which is Faulted or Intruded 

TOTAL 




0 



Tonnage by Overburden Thickness 


0-500' 

500-2000* 0-2000* 2000-4000* >4000 

* TOTAL 

.2 

.8 

.4 

1.4 

>50* 50 

-15* 

Tonnage by Sean Thickness Where 
Overburden is Less than 2000 F*et 

15*- 42" 42"-28" 28" - 14" 

TOTAL 



.7 .3 

1.0 



Quality 


SULFUR 


ASB BTU 

RANK 

.87-1.8 


9.5 - 10.7 11,000-11,253 

BIT 


Area ot Resource Estinate 


189 SQ. MI 
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Table A- 38. Original Resources of the Black Mesa Area of the Rocky 
Mountain Province (See Figure 20 for location and 
Tables A-39 and A-40 for resource breakdowns.) 

(All data In billions of tons) 


Total Tonnage 


< U < 


48.3 - 54.7 


51.6 


Tonnage By Degree of Dip 

15®-45® 


51.6 


Tonnage Which is Faulted or Intruded 


TOTAL 

51.6 


TOTAL 

0 


Tonnage by Overburden Tliickness 
0-500* 500-2000* 0-2000* 2000-4000* 3 


>4000* TOTAL 


22.2 


29.4 


51.6 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15’ 15'- 42** 42--28** 28** - 14- 


TOTAL 


45.1 


51.6 


SULFUR 


Quality 


5% - 2.2% 


3.4% - 50.8% 5,119 - 12,060 SUBBIT 


Area of Resource Estimate 


4,02i SO. MI. 


*1 applies where areas 0'-500* are too small for measurement. 
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Table A-39. Original Raaourcaa of tha Dakota Coala of the 
Black Mesa Area (See "Dakota" on Figure 20.) 

f All datA. I» billions of tmis) 



Tbtal fbnnaoe 



< X “ 


17.2 • 

- 33.0 25.1 12 


< 15® 

tonnage By Degree Of Dip 

15®-45® >45® 


25.1 


TOTAL 



25.1 


tonnage Nhieh is Faulted or Intruded 

TOTAL 

0 


tonnage by Overburden Thickness 
*1 

500-2000* 0-2000* 2000-4000* >4000* 


0-500* 

TOTAL 

3.3 

21.8 

25.1 

>50* 50 

tonnage by Seam Thickness Where 
Overburden is Less than 2000 Feet 

-15* 15*- 42* 42--28** 28** - 14" 

TOTAL 


21.4 1.6 2.1 

25.1 



Quality 

SDLFOR kS3i 8T0 RANK 

.5 - 2.29 11 - 30.74 5,119 - 10,550 SUBBIT 


at., of MMutet mlMt. J _„5 


*1 applies where areas 0'-500' are too small for measurement. 
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Table A-40. Original Raaourcee of the Heaaverde Coala of the 
Black Neaa Area (See "tteaaverde" on Figure 20.) 

C All datA i» btlllona of teiw) 


Total Tonna^a 


1 i 


17.0 35.8 


26. S 


< 15 


Tonnage By Degree Of Dip 
15®-45® 


26.5 


Tonnage Hhich la Faulted or Intruded 


TOTAL 

26.5 


TOTAL 


0-500* 


Taonage by overburden .hickneas 
500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


18.9 


26.5 


Tonnage by Seaa Thlckneaa Where 
Overburden la Leaa than 2000 Feet 

50-15* 15*- 42" 42--2B* 28" - 14" 


TOTAL 


23.7 


26.5 


Quality 


SULFUR 


RANK 


.5 - 1.3 


3.4 - 50.8 5,430 - 12,060 SUBBIT 


Area of Resource Eatiaate 


1,228 . SQ. MI. 


*1 appliea where areas O'-SOO* are too small for measurement. 
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Tabltt A-^l. Original Rtaourcaa of tha San Juan Araa of thu Rocky 
Mountain Provinea (Saa Pigura 20 for location and 
Tablaa A-A2 and A-43 for raaourca braakdowna,) 

C All datA t» bllliona of tons) 


Total Tonnaga 


i R £ 


175.3 - lb4.6 


179.8 


Tonnaga By Dagraa Of Dip 
15®-45® 


162. 6 


17.2 


Tonnaga Mhich is Paultad or Xntrudad 


TOTAL 

179.8 

TOTAL 

7.7 


Tbnnaga by OvarburdM Tbicknass 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


69.5 


43.3 


65.7 


1.3 179.8 


TOnnaga by Saaa Thlcknass Khar a 
Oaarburdan is Lass than 2000 Past 

50-15* 15*- 42" 42"-28" 28" - 14" 


70.2 


16.6 


24.9 


TOTAL 


112.8 


SULFUR 


Quality 


.6 - .86 


15 - 20.4 


8900-10,200 SUBBIT 


Araa of Raaourca Bstiaata 


10,248 SQ. MI. 


*1 appliat whara araas 0'-500* ara too small for maasuramant. 
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Table A-42. Original Resources of the Area of Partially Eroded Coal 
Formations of the San Juan Area (See "San Juan I" on 
Figure 20.) 

I All detA. billlMis of tons) 


Total Tonnage 


1 V < 


45.7 - 68.8 


57.3 


Tonnage By Degree Of Dip 
15®-45® 


49.3 


Tonnage Mhich is Faulted or Intruded 


TOTAL 

57.3 


TOTAL 

1.6 


Tonnage by Overburden Thickness 
*1 

0.500* 500.2000* 0-2000 ' 2000-4000* >4000* 


TOTAL 


38.3 


57.3 


Tonnage by Seam Thickness Where 
Overburden is Leas than 2000 Feet 

>50* 50-15’ 15*. 42* 42"-28" 28* - 14" 

1.1 13.1 1.4 2.1 


TOTAL 


17.7 


SULFUR 


Quality 


.6 - .86 


15 - 20.4 


8f 900-10 r 200 SUBBIT 


Area of Resource Estimate 2996 SQ MI 


*1 applies where areas O'-SOO' are too small for measurement. 


A '44 



original pwe » 
of POOR QUALITY 


Tabl« A>43. Original Rnsourcat of the Area Where a Full Sequence of the 
Coal-Bearing Fomatione ia Present in the San Juan Area 
(See "San Juan II" on Figure 20.) 

C All data in biUlena of traa) 




Votal Ibnaage 


£ V 

< 

X 


97.4 - 

147.6 

122.5 21 


<15® 


tonnage By Degree Of Dip 

15®-45® >45® 


113.3 


9.2 

TOTAL 




122.5 



tonnage Which is Faulted or Intruded 

TOTAL 

6.0 



tonnage by Overburden thickness 


0-500' 

500-2000* O-2G00* 2000-4000* >4000* 

TOTAL 

61.3 

33.8 

27.4 

122.5 

>50* 50 

-15* 

Tonnage by Seam thickness Where 
Overburden is Less than 2000 Feet 

15*- 42" 42--28" 28" - 14" 

TOTAL 



57.1 15.2 22.8 

95.1 



Quality 


SOLFOR 


ASH BTD 

RANK 

.6 - .86 


15 - 20.4 8,900 - 10,200 

SUBBIT 



Area of Resource Estimate 7,252 SQ. 

MI. 


*1 applies idiere areas 0*-500' are too small for measurement. 
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Table A-44. Original Reaourcea of the West Central District of the 
Rocky Mountain Province (See Figure 21 for location 
of area of estimate.) 

C All datA. blllims of tone) 


total tonnage 


< V ^ 


1169.6 - 1211.4 


1190.8 


tonnage By Degree Of Dip 
l5°-45® 


1138.9 


45.3 


TOTAL 

1190.8 


Tonnage Which is Faulted or Intruded 


TOTAL 

35.2 


Tonnage by Overburden toickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


49.9 


122.7 44.3 


217.1 


756.8 1190.8 


tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42--2S" 28* - 14" 


20.8 


134.8 


32.1 


29.2 


TOTAL 


216.9 


SULFUR 


Quality 


31% - 5.5% 


2.2%- 15.3% 7980-19,430 SUBBIT 


Area of Resource Estimate 


30,729 SQ. MI. 


*1 applies where areas 0*-500* are too small for measurement. 


A-46 




ORIGINAL PAG: 10 
OF POOR QUALITY 

Table A-4S. Original Reaourcea of the Emery Area of the Weat Central 
Diatrict of the Rocky tfountain Province (See Figure 21 
for location.) 

I All datR. in- bllltona of tons) 


i U £ 


fbtal fbnnago 


14.5 - 21.7 


18.1 


tonnage By Degree Of Dip 


15®.45® 


18.1 


tonnage Nhicb ia Faulted or Intruded 


TOTAL 

18.1 


TOTAL 

1.0 


tonnage by Overburden thickneaa 
•I 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


2.00 


10.9 


18.1 


Tonnage ^ Seaa Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42"-28*' 28* - 14" 


TOTAL 


SULFUR 


Quality 


39 - 5.5 


5.5 - 13.8 


11,400-14,380 BIT 


Area of Resource Estiaate 


1036 SQ. MI. 


*1 applies where areas 0*-500* are too snail for measurenent 
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Table A-46. Original Reiourcea of the Waaatch Area of the Weat 
Central Diatrict of the Rocky Mountain Province 
(See Figure 21 for location.) 


I All datR. la- blXliona ot tons) 


fOtaX VMmaga 


< W <, 

72.0 - 119.7 


X 

95.8 


n 

27 


tonnage By Degree Of Dip 


< 15® 

15®-45® 

>45® 


94.7 

1.1 


TOTAL 


95.8 


tonnage Which ie Faulted or Intruded 


TOTAL 

3.8 


Tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


10.1 13.0 


18.2 


54.5 95.8 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 


>50* 

50-15* 

3.7 

15'- 42" 
15.1 

42--2S" 

2.7 

28" - 14" 
1.6 

TOTAL 

23.1 




Quality 



SULFUR 


ASB 


BTU 

RANK 

.49 - 

1.09 

6.1 

- 7.0 

11,727 - 12,825 

BIT 


Area of Resource Estlnate 


5307 SQ. MI. 


*1 applies where areas 0*-500* are too snail for neasurenent. 
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Table A-47. Original Reaourcaa of the Uinta Area of the Weat 
Central Diatrict of the Rocky Mountain Province 
(See Figure 21 for location.) 


( All data ill billlona of tons) 



*1 appliea where areaa O'-SOO* ace too email for measurement. 
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Table A-48. Original Reaoureea of Che Piceance Area of Che WesC 
General DisCricC of Che Rock MounCain Province 
(See Figure 21 for locacion and Tablea A-49 through 
A**52 for resouice breakdowns.) 


C All datA. iQ- bllliona of tons) 
Total TMinaga 

< V < J n 

191.6 - 211.0 201.4 18 


tonnage By Degree Of Dip 


< 15® 

15®-45® 

>45® 


182.6 

13.5 

5.3 

TOTAL 

201.4 


tonnage Which is Faulted or Intruded 

TOTAL 

9.5 

tonnage by Overburden Thickness 
*1 

0-500' 500-2000* 0-2000* 2000-4000* >4000* 

TOTAL 

9.4 4.0 

40.7 43. 

1 104.2 

201.4 

>50* 50-15* 

Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

15*- 42** 42--28" 28** - 14" 

TOTAL 

11.4 

25.9 8.1 

8.7 

54.1 


Quality 



SULFOR 

ASH 

BTD RANK 

.4 - 1.9 

3.2 - 9.15 

11,040-14,170 

BIT 


Area of Resource Estinate 

7665 SQ 

. MI. 

*1 applies where 

areas 0*-500* are 

too snail for measurement. 



A-50 






ORIGINAL PAGE IS 
OF POOR QUALITY 


Tabla A~49* Original Raaoureaa of tha Picaanca Araa Whara tha Coal* 
Baaring Fonationa hava baan Substantially Erodad 
(Saa "Picaanca 1" on Figure 21.) 


I Jill datA. in- billlona of tons) 


TOtsl Ibnnsga 


S 1 


27.3 - 42.9 


35.1 


fOnnsga By Oagraa Of Dip 
U^-45® 


35.1 


TOnnsgs Nhieh is Psultsd or Xntrudsd 


TOTAL 

35.1 


TOTSiL 

6.6 


Tonnsgs by Oaarburdsn Ttaieknsss 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


12.3 


12.8 35.1 


Tonnsgs by Sasn Tbieknass Whara 
Oaarburdan is Lass than 2000 Fast 

>50* 50-15* 15*- 42** 42*-28** 28** - 14** 


TOTAL 


10.0 


Quality 


SDLFUR 


4 - .75 


5.53 - 9.15 11,040-11,490 SUB BIT 


Araa of Rasourca Estiaata 


1361 SQ. MI. 


*1 a^liaa whara areas 0*-500* ara too snail for naasuranant. 
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T«bl« A-50. Original Raaourcaa of tha Picannca Araa Hhara the Full 
Saquanea of tha Coal<>Baaring Foraationa is Prasant 
(Sea "picaanca II" on Figure 2i.) 


( All datA. i» bllUona of tons) 
lotsl Ibnnsgs 

< V < i 

57.5 - 104.8 81.2 10 

tCMmaga By Dagraa Of Dip 

< 15® 15®-45® >45® 

71.9 4.0 5.3 total 

81.2 



Tonnage Which is Faulted or Intruded 

TOTAL 



2.3 

0-500* 

Tonnage by Over^den Thickness 
•1 

500-2000* 0-2000* 2000-4000* >4000* 

TOTAL 

.2 

.8 10.6 17.1 52.5 

81.2 

>50* 

Tonnage Sean Thickness Where 

Overburden is Less than 2000 Feet 

50-15* 15*- 42** 42--28** 28** - 14** 

TOTAL 


8.6 1.4 1.5 

11.5 


Cuality 


SULFUR 

ASB BTD 

RANK 

.4 - . 

75 5.53 - 9.15 11,040-11,490 

BIT 


Area of Resource Estinate 

4986 

SQ. MI. 


*1 applies wftart areas O'-SOO* are too snail for measuranant. 
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Table A-51* Original Resources of the Piceance Area Where the Coal- 
Bearing Porsations have been Substantially Eroded 
(See "Piceance III-A" on Figure 21.) 

i 

I All dafcA. iA' biUionj of tcMis) 

Votal tbRTiege 

< V < j 

1.8 - 3.0 2,4 2 



*1 appliea where areas O' -500* aje too small for measurement. 
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Area of Rasoutca Eatinata 


1,224 SQ.MI. 


*1 applias whera araaa 0*>500' ara too small for measurement. 
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Table A-53* Original Resources of the Green River Area of the West 
Central District of the Rocky Mountain Province 
(See Figure 21 for location.) 


C All iA blUiona of tcms) 


Dotal Donnaga 


< V < 


768.5 - 843.2 


806.3 


787.5 


tonnage By Degree Of Dip 

isW 


17.5 


TOTAL 

806.3 


Tonnage Hhieh is Faulted or Intruded _ 

TOTAL 

15.7 


Tonnage by OverlMirden Thickness 

*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 



27.1 96.3 


136.5 


546.4 


806.3 


Tonnage by Seaa Thickness Where 
Overburden is Less than 2000 Feet 

>50* 50-15* 15*- 42- 42"-28** 28** - 14- 


TOTAL 


3.2 83.4 


19.7 17.1 


123.4 


Quality 


SULFUR 


RANK 


42 - 5.4 


2.2 - 15.3 7980-12447 


SUB BIT 


Area of Resource Estiaate 


11778 SQ. MI. 


*1 applies where areas 0*-S00* are too snail for measurenent. 


A-55 




ORM^NAL PAGE IS 
OF POOR QUALIW 


Table A-54. Original Reaourcea of the Hanna-Carbon Area of the 

West Central District of the Rocky Mountain Province 
(See Figure 21 for location. ) 

C All data in btllioiui of tmw) 


1 V < 


Total Tonnage 


31.8- 66.6 


49.2 


Tonnage By Degree Of Dip 
15®-45® 


3C.0 


11.2 


TOTAL 


Tonnage Which is Faulted or Intruded 


49.2 


TOTAL 

5.2 


TOraiage by Overburdm Thickness 
•1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


3.5 3.6 


11.3 


30.0 49.2 


Tonnage by Scan Thickness Where 
Overburden is Less than 2000 Feet 

>50* 50-15* 15*- 42" 42"-28" 28" - 14- 


TOTAL 


Quality 


SULFUR 


RANK 


31 - 1.35 


5.54 - 10.74 9640-llrOOO SUB Bit 


Area of Resource Estimate 


1381 SQ. MI, 


*1 applies where areas 0*-500* are too small for measurement. 


A-56 



ORIGINAt PAGE IS 
OF POOR QUALITY 

Tabl« A-55. Origlaal te*ourc«s of tho Northorn Diotrlct of tho 

Rocky Hountain Provinco (S«« Figure 22 for location.) 

(All 4«ta in billioan of tons) 


Total TOmafa 

< w < 5 

611.9 -634.7 624.6 115 


< ^5 
613.2 


Tonnage By Degree of Dip 

l5®-45® 


10.9 


Tonnage Nhl^h ie Faulted or Intruded 


41.5 185.9 


325.5 


TOTAL 

624.6 


TOTAL 
2;i ’ 


Tonnage by Overburden Thickneaa 
0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


67.5 624.6 


Tonnage by Sean Ibickneaa Where 
Overburden is Less than 2000 Feet 


TOTAL 



Area of Resource Estinate 

25,127 SQ. MI 


*1 applies where areas 0'-500* are too a. 11 for measurement. 


A-57 



original page is 

OF POOR QUALffY 


Table A>56. Original Reaourcea of the Wind River Area of the 
Horthem Diatrict of the Rocky Mountain Province 
(See Figure 22 for location.) 

C All datR biUiona tons) 



*1 applies where areas O' >500' are too snail for measurement. 


A-5S 
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ORIQINAL PAGE 1$ 

OF POOR QUAUTY 

Table A-57. Original Reaources of the Big Horn Area of the 

Northern District of the Rocky Mountain Province 
(See Figure 22 for location.) 


C All data in billions of tons) 



*1 applies where areas O' -500' are too small for measurement. 
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ORIGINAL PA®.® 

OF POOR QUALITV 

Table A-58. Original Reaourcea of the Bull Mountain Area of the 
Northern Diatrict of the Rocky Mountain Province 
(See Figure 22 for location and Tables A-59 and A**60 
for resource breakdowns.) 

f All data in bllliona of tona) 


Total TMmaga 


£ £ 


10.2 “ 11.6 


11.0 


Tonnage By Degree Of Dip 
l5°-45° 


11.0 


TOTAL 

11.0 


Tonnage Which la Faulted or Intruded 


TOTAL 


Tonnage by Overburden Thickness 
♦1 

0*500* 500*2000* 0*2000* 2000*4000* >4000* TOTAL 


11.0 


50-15' 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

15'* 42" 42"-28" 28" * 14" 


TOTAL 


SULFOB 


Quality 


11.0 


.17 - 2.21 


3.3 - 55.4 


3850 - 14.020 BIT 


Area of Resource Estiioate 


1019 SO. MI. 


*1 applies where areas 0**500* are too small for measurement. 


A-60 



or 


Table A-59. Original Reaourcea of the Bull Mountain Area Where the 
Coal-Bearing Sequence haa been Partially Eroded 
(See "Bull Mountain I" on Figure 22.) 

f All data in billiona of tons) 


< V < 
5.29- 10.0 


Ibtal Tonnaga 


tonnage By Degree Of Dip 
15®-45® 


TOTAL 


Tonnage Mhieh ia Faulted or Intruded 


TOTAL 


tonnage by Overburden thickness 
*1 

O-SOO* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


50-15’ 


Tonnage by Sean thickness Where 
Overburden is Less than 2000 Feet 

15'- 42" 42"-23" 28" - 14" 


TOTAL 


Quality 


3.3 - 55.4 


3850-14,020 BIT 


Area of Resource Estiaatc 


901 SQ. MI 



A-61 



original ^ 

OF POOR 


Table A-60. Original Resources of the Bull Mountain Area Where the 
Pull Coal*-Bearing Sequent* is Present (See "Bull 
Mountain II" on Figure 22.) 

C All datA. iiP billions of tons) 


Total Tonnaga 


< IT £ 


J.13 - 3.35 


Tonnage By Degree Of Dip 
15®-45® 


TOTAL 

3.3 


Tonnaga Which is Faulted or Intruded 


TOTAL 


Tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


f Tonnage by Seas Thickness Where 

Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42"-28" 28" - 14“ 


TOTAL 


Quality 


RANK 


.17 - 2.21 


3.3 - 55.4 


3850-14020 


Area of Resource Estiaate 


118 SQ. MI. 



A-62 



OWOINM. ■ 

or POOR qUMiTY 


Table A-61. Original Raaourcea of the Powder River Area of the 
Northern Diatrict of the Rocky Mountain Province 
(See Tigure 22 for location and Tables A~62 and A-63 
for resource breakdowns.) 


(All data in billiona of bona) 


Total Tonnage 

< U < 5 

551.1 - 588.0 570.1 41 


Tonnage By Degree of Dip 
< 15° 15°-p45° >45° 

566.4 3.7 


TOTAL 

570.1 



Tonnage tihich is Faulted or Intruded 

TOTAL 

.4 

0-500’ 

Tonnage by Overburden Thickness 
500-2000' 0-2000' 2000-4000* >4000* 

TOTAL 

36.6 

176.5 320.7 36.3 

570.1 

>50' 

18.5 

Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15' 15'- 42" 42"-28" 28" - 14" 

58.5 107.6 18.6 9.9 

TOTAL 

213.1 


(^jality 



SULFUR ASH BTU RANK 

.34%>1.5% 4.3% - 11.4% 7884>9710 SUB BIT 


Area of Resource Es'claate 


16271 SQ. 


MI. 


applies where areas O' -500' are too saall for sieasurement. 
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braOMW-WGEW 

Of POOR QUALITY 

Table krtl. Original Ratourcat of tha Powder River Area Where the Coal 
ie Thinner and the Coal Foraation ie Partially Eroded 
(See "Powder River 1" on Figure 22.) 

( All datA. billions of tons) 


fbtsl Vonnsgs 


< V < 


134.3 201.9 


168.2 


Tonnage By Degree Of Dip 
15®-45® 


164.5 


tonnage Which is Faulted or Intruded 


TOTAL 

168.2 


TOTAL 


Tonnage by Overburden Thickness 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


16.0 51.7 


64.2 


36.3 168.2 


Tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42"-2e“ 28" - 14- 


TOTAL 


47.6 


12.3 


67.7 


Quali^ 


SULFUR 


RAMK 


.34 - 1.5 


4.3 - 11..4 7,884-9710 SUB BIT 


Area of Resource Estiaate 


12,807 SQ. MI 


*1 allies where areas 0'-500* are too raall for aeasuraaent. 



OniQtNAL 


Tabl« A*^3. Original Xaaourcaa of tha Powder River Area Where Coal is 
Thick and Che Full Sequence of the Coal^Bearing Fomaclon 
is Present (See "Powder River I" on Figure 22.) 

C All datA. i» billions of tons) 

Votsl ftonnsgs 

< It < j 

294.3 - 509.3 401.9 17 


tonnaqe Degree Of Dip 

U®-45® >45® 

TOTAL 

401.9 

Tonnage Which is Faulted or Intruded gogj, 

0 

Tonnage fay Overburden Thickness 
0-500* 500-2000* 0-2000**^ 2000-4000* >4000* TOTAL 

20.6 124.8 256.5 401.9 


Tonnage by Seaa Thickness Where 
Overburden is Lees than 2C00 Feet 

TOTAL 

15*- 42- 42--2S* 2S* - 14* 

60.0 6.3 2.1 145.4 

Quality 

SULFOR ASB BTO 

.34 - 1.5 4.3 - 11.4 7884-9710 SUB PIT 

Area of Resource Bstinate 

3464 SQ.MI. 


>50* 50-15* 

18.5 58.5 


< 15® 
401.9 


*1 applies where areas 0'-500* are too arall for ncaL'ircaient. 
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OWGINAI. FAffi i» 

OF POOR QUAUTY 

T«bl« A-64. Origiiuil Xctoufc** of th« Front Rang* District of tho 
Rocky Mountain Provinca (Saa Figura 23 for location 
of araa of astimata.) 

(All data in billlona of tom) 


Total Tonnaga 




83.5 - 90.2 


87.3 


Tonnage By Degree of Dip 

15®-45® 


72.9 


14.4 


Tonnaga Which ia Faultad or Intruded 


TOTAL 

87.3 


TOTAL 

5.9 


Tonnaga hy Ovarburdan Thickness 
0-500* 500*3000* 0-2000* 2000-4000* 3 


>4000* TOTAL 


17.0 


46.3 


21.8 


87.3 


Tonnaga by Sean Thlcknasa Mhara 
Ovarburdan ia Lass than 2000 Peat 

50-15* 15'- 42- 42--28- 29* - 14- 


TOTAL 


45.6 


10.0 7.7 


63.3 


Quality 


SULFUR 


.4%-1.7% 


6.0%-18.5% 


6500-12700 


LIG 

SUBBIT 

BIT 


Araa of Rasourca Estiaate 


9828 SO. MI 


applies where areas 0*-500* are too snail for measurement. 


A-66 





T«bl« A-65. OrigiiMl ABsoorcca of tba Danvar Baain Araa of tiM 
Front Kanga Diatrict of tte Boctcy Moinitaln Prorif^a 
(Sae Figure 23 for location and Tablaa A->66 and AHi? 
for raaourca braakdovna.) 

(All data la billicaa of toiMi) 

Votal IbMiafa 

< u < ; 


57.6-63.6 60.4 19 


< 15® 

Tonnage By Degree of Dip 

15®^5® >45® 


49.8 

10.6 

TOTAL 

60.4 


Tonnage is Faulted or Intruded 

TOTAL 

2.7 


Tonnage by Overburden Thickness 

1 

0-500* 

500-2000* 0-2000* 2000-4000* >4000* 

TOTAL 1 

13.2 

37,1 10.1 

60.4 

1 — 

Vmmaoe by Saaa Thinness Nbara 
Overburden is Less than 2000 Feet 

>50* 50-15* 15*- 42- 42"-28* 28" - 14" 

TOTAL 


38.2 7.3 4.8 

50.3 


Quality 

ASB BTO RANK 

LIG 

6.0%-9.0% 6500-9700 SUBBIT 

hxn of Koioucco ^ggg gjj 

*1 appliaa idiara areas 0'-500' are too saall for neasuraaent. 


SULFUR 

.4%-1.7% 







(W POCMQOAm 


Table A-66. Origlael Reeourcee of the Portion of the Denver Beeia 
Area Containing Sid»bitaniooaa Coal ^See **Denver I" 
on Figure 23.) 


I All 6mtti i» billions of boM) 


Total 


1 V < 


26.71 - 43.48 


35.0 


< 15 '' 


fonnage 1^* Degree Of Dip 
15®-45® 


28.2 


Tonnage Mbidi is Fanltsd or intruded 


TOTAL 

35.0 


TOTAL 

2.1 


0-500* 


Tonnage by Overburden Thickness 
*1 

500-2000* 0-2000* 2000-4000* >4000* TOTAL 


21.8 


35.0 


Tonnage by Sean Thickness iQiere 
Overburden is Less than 2000 Feet 

50-15* 15*- 42** 42" -28" 28" - 14- 


TOTAL 


19.4 


30.2 


Quality 


SULFUR 


RANK 


.4 - .6 


6.0 - 7.9 


82U0 - 9700 SUP BIT 


Area of Resource Estinate 3022 ^'Q.MI 


*1 applies where areas 0*-500* are too snail for neasurenent. 


A-68 






*1 appliM whar* areas O' -500* ara too OHill for maasuranant. 
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OW aW M. NOE IS 

Sri^QUAurr 

Table Orltiaal ftMOttreaa of tho Katoo kt—. of tha Front tango 

Diatriet of tbo loelqr Notmtain Provinca (Saa Figaro 23 
for location Md Tablaa A-69 and A*70 for raaourea 
brMkdowna.) 

(All data in billions of boos) 


fbtsl 1000090 


< V < 


22.3 - 31.4 


26.9 




Tonnage By Degree of Dip 
15®-45® 


23.1 


lOnnaga Mbi^ is Fanltad or Xntruted 


TOTAL 

26.9 


TOTAL 

3.2 


Tbnnsga by Ovarbordan Thieknass 
0-500* 500-2000* 0-2000* 2000-4000* 3 


>4000* TOTAL 


11.7 


26.9 


Tbiuuiga by Sean ibicknass Abaca 
Oaarburdan is Lass than 2000 Faat 

>50* 50-15* 15*- 42" 42--20- 28* - 14* 


Quality 


TOAL 


13.0 


SOLFOR 


RANK 


6 %-. 7 % 


H.6%-18.5% 11,890-12,700 BIT 


Area of Raaourea Bstiaata 


4960 SQ. MI< 


*1 applias wbara areas 0'-500* ara too snail for neasureaant. 


A-70 



ORIGINAL PAGE IS 
OF POOR QUALITY 


Tabltt A-69. OrltlMl Attoarett of tlM Portioa of tho lotoii Aroo 
itt otiieh f o — «ro NMtly Goatly « Groat 

Foreotttoco of Tomot* Aomm IS-ft to 42-in. Thick 

(Son ”Aotoa I” on Figuro 23.) 


I All data to btUtoM of 


I 


total 

1 P i 

IS. 49 - 30.83 


8 

23.2 


a 

12 


< 15' 
19.4 


toanaGo Wf OoGroo Of Dip 
lS®-45® 


>45* 


3.8 


TOTAL 

23.2 


fbnaaGo Nhi^ ia Faultad or Xntrudtd 


T03AL 

1.4 


toonoGO ty Ovorbordoo ThiekoMO 
•1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


.1 


9.2 


11.7 


2.2 23.2 


TOmoGO by Sana Tbiekaasa Miara 
Ovorbordm ia Laaa than 2900 Paat 


>50* 


50-15* 


15*- 42** 

6.2 


42--20*' 

1.6 


2V - la* 

1.5 


TOTAL 


9.3 


SDLFOA 
.6 - .7 


Quali^ 

A8B BTO RANK 

11.6 - 18.5 11,890 - 12,700 BIT 


Araa of Aaaourea Battoata 


1635 SQ. MI. 


•1 appliaa whara araaa 0*-S00* ara too aaall for aaaaucaaant. 


A-71 



or roOR QOAUIY 

Table A’>70. Original Baamrcaa of tba Portion of tba RatM iUraa in 
Which Sanaa are Gently Dip]ping» and Under Lean Than 
5(K) ft of Overburden (Sue "Ratmi 11** <hi Figure 23.) 

I JkU datR. i» billloiin of tom) 


fbtnl Ibnonoo 


1 V i 

2.49 - 4.98 


tonnage By Degree Of Dip 
15®-45® 


TOIBL 


tonnage Wiicb is Faulted or Intruded 


tOthL 

1.8 


tonnage by Overburdm thiekneas 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


tOTAL 


tonnage by Sean Thickness Where 
Overburden is Less than 2000 Feet 

50-15* 15*- 42* 42--28" 28* - 14* 


TOTAL 


Quali^ 


SOLPOB 


RANK 


.6 - .7 


11.6 - 18.5 11,890-12700 BIT 


Area of Resource Sstinate 


3325 SQ. MI. 


2 




ORIGINAL PAGE IS 
OF POOR QUALITY 

Tabic A-71. Original Aeaonrcas of the Kocky Moimtaia Province 


(AU teta in billions oC tons) 


Votal fOiMisge 

< ir < 5 n 

2186.2 - 2204.8 2194.8 326 


Tonnage By Degree of Dip 


< 15 
2097.3 


15%45® 


2097.3 90.4 7.1 

2194.8 


TOnnaga Nhieh is Paoltad or Xntruted 

77.3 


Tbimage by Overburden Thickness 
0<-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


222.6 


444.2 48.5 


647.2 


832.3 


Tonnage by Scan Thickness Where 
Overburden is Less than 2000 Feet 


2194.8 


TOTAL 


>50* 50-15* 

15*- 42" 42"-28" 

28" - 14" 


18.5 87.4 

437.0 87.8 

84.6 

715.3 


Quality 



SULFUR 

ASH 

BTU 

RANK 

.17%-5.8% 

2.2%-55.4% 

3850-19430 

BIT 

SUBBIT 

LIG 


Area of Resource Estinate 

82,125 

SQ. MI. 


*1 applies where areas 0*-500* are too snail for neasurenent. 


A-73 











T«bl« A*72. Original laaoureaa of tha Rorth Ataaka ProviMO 
(Saa Piguraa 24, 26 and 27 for location of araa 
of aatiiaata.) 

I All datn i» billions of toM) 


fbksl fbimoos 

< K £ ; 

INSOPPICIBNT DATA 


< 15 '' 
3515.4 


toonaga Bp Otgcaa Of Dip 
15®M5® 


Tonnags Milch is Faultsd or Intruded 


TOTAL 

3515.4 


TOTAL 

0 


TOnoaga by Ovarburdan Tbieknass 
♦1 

0-500' 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


13.6 352.2 


1!»69.4 


U80.2 3515.4 


Tonnage by Sean Tbieknass Miara 
Ovarburdan is Lass than 2000 Feat 


>50* 

50-15* 

15*- 42" 

42"-28" 

28" - 14" 

TOTAL 

23.2 

83.1 

177.0 

37.3 

45.2 

365.8 

Quality 


80LF0B ASB 

INSUFFICIENT DATA 


SUB-BIT 


Area of Resource Bstiaata 

45524 SQ. MI. 


•1 applies where areas 0*-500* are too siaall for maasuraiiiant 






ORIGINAL PACK O 
OF POOR QUALITY 

Table A-73* Oritlnal Kaaoureaa for Araaa of Rolativoly High Data 
Dooaity la tha Chaadlar aad Priaea Craak PotMtioaa 
la tha North Alaaka Proviaea (Saa "Alaska 1" on 
Fi|uras 26 and 27.) 


C All datA. biUlona of toiia) 
Ibtal Ttxmaga 


S V 1 


1032.73- 1967.0 


ISOU.I 


< 15' 


fOnnafo Bp Oagraa Of Dip 
15®-45® 


1500.1 


TOXAL 
1500.1 

fonaaga Nhi^ ia Paaltad ot Zntrudad 

TOTAL 


Tboaaga bp OaarlMirdm Thicknaaa 
*1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* TOTAL 


68.6 


924.2 


507.3 1500.1 


Tbnnaga by Sana Thleluiaas MMca 
Oaarburdan la Laaa than 2000 Paat 

50-15* 15*- 42** 42--28" IS" - 14* 


29.6 


13.2 


Quality 


19.9 


TOTAL 


68.6 


8DLFDR 


BANK 


INSUFFICIENT DATA 


SUB-BIT 


Araa of Baaourca Batiaata i6,162 SQ. MI 


*1 appliaa ahara araaa 0*-500* ara too aaall for aaaauramnt. 


A-75 



S??SSs«»w«rf 


Tabltt A~74« Oritioal laMttrctt of Dooply Burlod Cool with Low Doto 
Dotttity in tho Qioi^lot Fomotlra (800 "Alotko II” 
on Figuro 26.) 

C JUl doto i» PiiiSono of tons) 


fdtol fOnnogo 

i V < ; 

INSUFFICIENT MTA 3 


totinogo OF Dogroo Of Dip 
15®-45® 


1610.8 


Tonnogo ittiieh is Foultod or Xntrudod 


TOTOL 

1610.8 


Tonu. 

0 


Ibnnogo by Ovorburdon IhleknoM 
O-SOO* 500-2000* 0-2000**^ 2000-4000* >4000* TOTM. 


271.6 


1U40.3 


298.8 


1610.8 


VMUiogo by Sons Thicknoss iRiwco 
Ovorburdon Is Loss than 2000 Foot 


>50* 

50-15* 

15*- 42** 

42--2i** 

2f - 14- 

TOTAL 

17.1 

75.9 

135.0 

21.5 

22.1 

271.6 

Quality 


SULFUR i 

INSUFFICIENT DATA 


RANK 


SUb-BIT 


Aros of Rotourco Botiaoto SQ. MI. 


*1 oppllos tdtoro oross 0*-S00* oro too snail for naasuroaont 





ORIQtNAL PAOE » 
OF POOR QUALItY 


Table A-75. Oritliial K••oare•• of the Dooply Burlod Coal with Low 
Data Daaaity in tha Prinea Craak Foraation 
(8aa "Alaaka III" on Pigura 27.) 

I All datA. blUtoM of tona) 


Vafcal Tbnnaga 


1 R i 


INSUFFICIENT DATA 


tOnnaga By Dagraa Of Dip 
U*-45® 


374.0 


Ibnnaga Nhi^ ia Faulted or Intruded 


TOTAL 
374. U 


TOTAL 

0 


Tonnage by Overburden Thickneaa 
•1 

0-500* 500-2000* 0-2000* 2000-4000* >4000* 


TOTAL 


374. U 


Tonnage by Sean Thicknesa Nhere 
Overburden is Less than 2000 Feet 

50-15* 15*- 42" 42--2i** 28** - 14" 


374.0 


TOTAL 


Quality 


8DLFUB 


RANK 


INSUFFICIENT DATA 


bUB-BiT 


Area of Resource BstisMte 


4127 SQ. MI. 


•1 applies where areas 0*-500* are too snail for neasureaent. 
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ORKUNAL PAQ& IS 
OF POOR QUALITY 


Tabl« krJb* Original Kaaoureea of Araaa of Partially Krodad Coal 
Foraationa in tha North Alaaka Provinea 
(Saa "Alaaka IV" on Figura 26.) 

I Jdl data. biUiena ef tons) 


fbtsi fonnaga 


< »r < 


INSUFFICIENT DATA 


fonnsga By Dagraa Of Dip 
i5®-45® 


30.5 


Tonnaga Nhieh is Fau^tad or Xntrudad 


TOTAL 

30.5 


TOTAL 

U 


Tbraiaga by Ovarburdm Thicknass 
O-SOO* 500-2000* 0-2000'*^ 2000-4000* >4000* 


TOTAL 


13.6 


12.0 


30.5 


Tonnaga by Sana Thicknass Ntora 
Ovarburdan is Lass than 2000 Fast 

50-15’ 15*- 42'' 42"-28" 28" - 14" 

5.8 12.4 2.6 3.2 


TOTAL 


25.6 


Quality 


80LF0B 


INSUFFICIENT DATA 


bUB-BlT 


Araa of Rasourca Estiaata 


74 SQ. MI. 


*1 appliaa whara areas O' -500* ara too saall for aaasurMant. 
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APPENDIX t 


DERIVATION OF CONFIDENCE INTERVALS 
FOR AN AGGREGATION OF SDEAaEAS 


B-1 


CalouUtioii of a oonfldmoa Intonral ^»pr^riate for Uosoribinc tha 
proolalon of ostiMtad ooal t<mmga in a aubaraa of a baaln involvaa a 
strait tforward i^ipllonticm of ttaa t-diatrlbution, as daaoribad in Saotion 
3 . 2.3 of tha text. Thia an>aiidix axtanda thm oonoapt of a oonfidanoa intanral 
for toonaca to tha aggn^ta ooal raaouroaa within a basin. Bagin by dafining 
tha following saana: 

R s total ooal raaouroaa in t<»a 


s feet of coal in region i 


^ij ^ aaaple value of X^ 

s area of region 1 in aq ni 


P s tona of ooal/aq ai-ft 


N = number of reglona 


s number of aaaplea in region 1 


In addition, it ia convenient to -define the two atatiatical paraaetera: 
= E(X^) = V(X^) 


and two other quantitiea which aimplify the expresaiona for the mean and 
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